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ABSTRACT 
Salt marshes provide a range of ecosystem services and yet are subjected to 
anthropogenic impacts that alter the biogeochemical processes underlying these services. 
In particular, human activities may modify salt marsh greenhouse gas (carbon dioxide, 
methane, nitrous oxide) emissions by changing plant and microbial communities, 
hydrological regime, and sediment chemistry. Quantifying the effects of human impacts 
on greenhouse gas emissions is important for complete carbon budgets, and for effective 
management of salt marshes and the ecosystem services they provide. 
In Chapters 1 and 2, I investigate the effects of hydrology and plant invasion on 
greenhouse gas emissions. First, I show how the restriction and restoration history of four 
salt marshes influence methane flux in unpredictable ways. Despite comparable salinity, 
methane emissions from one partially restored marsh were 25 times higher than 
unimpacted reference sites 13+ years after restoration, but emissions from other restored 
sites were equal or lower. Next, I show that greenhouse gas emissions associated with 
invasive Phragmites australis are not different from those associated with native Spartina 
alterniflora. These Chapters demonstrate the de-coupling of greenhouse gas emissions, 
 vii 
and carbon sequestration more generally, from ecosystem degradation and restoration. 
In Chapters 3 and 4, I quantify greenhouse gas fluxes and microbial community 
structure under precipitation changes that may occur with global climate change. In a 
field experiment, doubled rainfall and drought had significant transient impacts on 
porewater salinity following storms, and on the community structure of plants (doubled 
rainfall) or microbes (drought), yet greenhouse gas fluxes and other biogeochemical 
processes were not affected. The absence of biogeochemical change indicates functional 
redundancy and resistance or resilience exist in the microbial community, suggesting 
marshes may continue providing services as precipitation changes. In a lab experiment, 
rewetting intact cores to simulate tidal inundation or rainstorms produced a nitrous oxide 
pulse 10-20x the baseline flux rates, without changing the microbial community. A model 
of rewetting event frequency suggests that pulsed emissions may be responsible for the 
majority of marsh nitrous oxide emission. Precipitation change may increase coastal 
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Chapter 1 - Incomplete tidal restoration may lead to persistent high CH4 emission 
Hollie E. Emery and Robinson W. Fulweiler 
Abstract  
Salt marshes provide a range of critical ecosystem services including high rates of 
carbon sequestration. Recent recognition of the importance of these ecosystems has led to 
an interest in restoring marshes that have been degraded by human activities. Tidal 
restriction from coastal development can alter salt marsh plant and animal communities 
as well as marsh biogeochemistry. However, much less is known about how tidal 
restriction, and subsequent tidal restoration, may alter greenhouse gas emissions. Since 
salt marshes typically have lower emissions of methane than freshwater wetlands, tidal 
restoration that increases the salinity in a restricted marsh could theoretically improve the 
net global warming potential of a marsh by lowering methane emissions. In this study we 
examined the emissions of carbon dioxide, methane, and nitrous oxide at four temperate 
salt marshes, three of which had been restricted and subsequently restored. Greenhouse 
gas fluxes were poorly correlated with environmental parameters (biomass, temperature, 
moisture, sediment organic content, porewater salinity and pH, etc.) normally considered 
to be primary drivers of salt marsh biogeochemical processes. Carbon dioxide and nitrous 
oxide emissions and uptake were not influenced by the restriction and restoration history 
of the marshes. Despite comparable salinity, methane emissions in one partially restored 
marsh were 25 times higher than unimpacted reference sites 13+ years after restoration. 
However, methane emissions from the other restored sites were equal to or significantly 
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lower than unimpacted reference sites. This study highlights that we cannot assume 
recovering ecosystems will function like unimpacted ones, especially if restoration is 
incomplete. 
Introduction 
Salt marshes and other coastal ecosystems provide a range of essential ecosystem 
services (Costanza et al. 1997, Duraiappah et al. 2005, Barbier et al. 2011), including 
significant carbon sequestration in sediments (McLeod et al. 2011). Despite their 
importance, salt marshes are subjected to a range of human activities that decrease their 
ability to provide these ecosystem services (Gedan et al. 2009). Some of the strongest 
human impacts occur because population growth and land use change alter salt marsh 
ecosystem function both directly (e.g., draining, diking, and filling) and indirectly (e.g., 
nutrient loading and climate change).  
In salt marshes degraded by tidal restriction, road or railway construction has 
decreased or eliminated tidal exchange between marine waters and the upstream marsh. 
Tidal restriction can be complete and block all marine influence on the marsh, or, more 
often, a partial restriction due to an undersized culvert decreasing tidal range and 
delaying the tide. Tidal restriction alters a variety of ecosystem characteristics including 
shifts in vegetation and nekton communities (Roman et al. 1984, 2002, Burdick et al. 
1997, Buchsbaum et al. 2006), as well as ecosystem processes such as sedimentation and 
organic matter decomposition rates (Portnoy and Giblin 1997, Anisfeld and Benoit 1997, 
Anisfeld et al. 1999). 
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Tidal flow can generally be restored to the upstream marsh by the installation of a 
larger culvert. Such restoration efforts can lead to a desirable shift in the vegetation and 
nekton of a restricted marsh towards a pre-impact reference condition (Burdick et al. 
1997, Roman et al. 2002, Buchsbaum et al. 2006). Despite these desirable shifts, 
ecological restoration is complex, and restoration of tidal flow can have adverse effects 
on sedimentation and biogeochemistry of the restored marsh and nearby estuarine waters. 
Undesirable effects include salt marsh drowning (Anisfeld et al. 1999), sulfide toxicity, 
and a potentially harmful release of nutrients (Portnoy 1999). Even if such undesirable 
effects are avoided over the short term, long-term restoration of biogeochemical 
ecosystem services may not be achieved even decades later due to lingering changes in 
sediments and hydrology (Tempest et al. 2015, Moreno-Mateos et al. 2017), or because 
soil nutrient levels may take several decades to resemble those in natural, unrestricted 
marshes (Craft et al. 1999). Therefore, management decisions about salt marsh 
restoration are complicated due to these often unpredictable and deleterious 
biogeochemical affects. 
One important potential, yet understudied, biogeochemical effect of tidal 
restriction and restoration is a change in the rates of greenhouse gas (GHG) emissions 
and uptake (Figure 1.1). The hydrologic changes associated with tidal restriction and 
subsequent restoration have the potential to alter ecosystem fluxes of the three most 
important GHGs: carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). Yet the 
effects of tidal restriction and restoration on GHG fluxes have not been directly 
examined. Studies in tidal freshwater wetlands experiencing saltwater intrusion suggest 
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that the introduction of saltwater may increase CO2 emissions via increased remineral-
ization and lower plant productivity, but these studies have shown both increases and 
decreases in CH4 emissions (Weston et al. 2010, Neubauer 2013). GHG emissions in 
restored salt marshes, especially those that had been restricted for very long periods, may 
respond like the GHG fluxes in tidal freshwater wetlands. However, the lingering effects 
of restriction on the biogeochemistry and hydrology of restored and created marshes 
(Craft et al. 1999, Tempest et al. 2015) likely means that the GHG emissions in these 
marshes may not resemble unimpacted salt marshes for decades or longer. 
CO2 emissions can be increased or decreased by tidal restriction and restoration 
(Figure 1.1). On one hand, CO2 emissions might increase with tidal restriction because a 
lowered water table would expose formerly waterlogged and anoxic sediments to oxygen, 
causing increased aerobic organic matter decomposition (Portnoy and Giblin 1997). One 
the other hand, tidal restriction limits salt water intrusion, and therefore can increase plant 
productivity by relieving salt stress on the existing halophytes or by allowing more 
productive brackish and freshwater species such as Phragmites australis to encroach 
(Roman et al. 1984). Greater plant productivity may cause an increase in CO2 uptake and 
carbon sequestration in the short term, but may also provide more organic matter for 
subsequent decomposition and CO2 release in the long term. Restoration may reverse 
these changes, facilitating a shift from freshwater to saltwater species as well as 
decreasing organic matter decomposition rates. However, this may take decades to 
develop as organic matter availability returns to a new equilibrium and the plant 
community readjusts (Craft et al. 1999, Portnoy 1999).  
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Figure 1.1 Conceptual model of the effects of tidal restriction on greenhouse gas 
emissions in restricted and restored marshes. 
In the unimpacted marsh, high levels of salt, sulfate, and organic matter are present, and 
the marsh is a small source of CH4 and a small sink of N2O. When a marsh is tidally 
restricted but remains a freshwater wetland (“Restricted Marsh”, top panel), a decrease in 
sulfate releases methanogens from competition with sulfate reducers, and methane 
emissions increase. The lower salinity decreases halophyte stress and allows 
encroachment of brackish and freshwater species like Phragmites australis, which in turn 
increase CO2 uptake via primary productivity. When the water table of a restricted marsh 
is lowered due to tidal restriction (“Restricted Marsh”, lower panel), anaerobic processes 
such as methanogenesis and denitrification are limited near the surface, leading to a 
decrease in CH4 emissions and N2O uptake, respectively. Rates of aerobic respiration 
increase, depleting organic matter. After restoration (“Restored Marsh”), salt and sulfate 
levels immediately rebound, but organic matter and plant community composition can 






As with CO2, previous research suggests a range of possible responses to tidal 
restriction and restoration for CH4 fluxes (Figure 1.1). CH4 production in unrestricted salt 
marshes is lower than that of other wetlands because high levels of sulfate support sulfate 
reduction, which outcompetes methanogenesis (King and Wiebe 1980). Sulfate is 
delivered by tidal inundation with sulfate-rich ocean water, and as a result, salinity (as a 
proxy for sulfate concentration) and CH4 emissions are inversely related in most marshes 
(e.g., Bartlett et al. 1987, Poffenbarger et al. 2011). This pattern changes under tidal 
restriction as sulfate concentrations decline (Portnoy and Giblin 1997). Under such 
conditions one would predict an increase in CH4 emissions (Chmura et al. 2012) as 
sulfate reduction no longer outcompetes methanogenesis. Alternatively, because tidal 
restriction can also lead to drier soils, we might expect that increased oxygen penetration 
would reduce CH4 emissions by increasing CH4 oxidation. In either case, restoration has 
the potential to reverse these changes by restoring sulfate levels and soil saturation 
(Portnoy 1999), but (as with CO2) reversal may take decades while organic matter 
availability reaches a new equilibrium.  
Finally, N2O fluxes may also have a range of responses to tidal restriction and 
restoration (Figure 1.1). Several nitrogen cycle processes including denitrification and 
nitrification produce N2O as an intermediate or end product. Alternatively, when nitrate 
concentrations are low, net uptake of N2O by denitrifiers can occur in coastal marine 
sediments (Kieskamp et al. 1991, LaMontagne et al. 2003, Foster and Fulweiler 2016). 
Soil drying during tidal restriction may promote nitrification (an aerobic process), but can 
also inhibit it due to the low pH of dried peat (Portnoy and Giblin 1997, Anisfeld and 
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Benoit 1997), and, in turn, likely inhibits the anaerobic process of denitrification. 
Restriction could therefore decrease any N2O uptake, and may or may not increase 
emissions from nitrification. Compared to unrestricted marshes, recently (within 3 years) 
restored marshes have similar nitrification rates but lower denitrification rates, suggesting 
that nitrification rates can recover quickly but denitrification cannot, leading to an 
uncoupling of these two processes during restriction and restoration (Thompson et al. 
1995). Restored marshes may therefore return to their pre-restriction rates of N2O 
production before returning to their pre-restriction rates of N2O consumption, making 
them larger sources or smaller sinks over the short term. 
In this study, our aim was to address how tidal restriction and restoration alters 
salt marsh GHG emissions. We quantified GHG fluxes, sediment characteristics, and 
plant community composition in four salt marshes in the Great Marsh surrounding Plum 
Island Sound (Massachusetts, USA). These marshes represent a range of tidal restriction 
and restoration histories: a reference marsh that had not been restricted, and three 
restricted marshes that were partially or completely restored by installation of a larger 
culvert between 1998 and 2005 (Figure 1.2). We hypothesized that the restricted-restored 
marshes would have different GHG fluxes than never-restricted marshes, and that the 
difference would depend on the specific changes in plant community and sediment 
characteristics caused by the history of restriction. At two of these marshes (a minimally 
impacted marsh and one partially restored in 1998) we focused an intense sampling effort 
in an attempt to quantify the drivers of CH4 emissions by examining the relationship 
between GHG fluxes and the characteristics of the plant communities and sediment.  
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Methods  
Study sites  
We conducted this study at four salt marsh sites in the towns of Rowley and 
Ipswich, Massachusetts. The tidal creeks connecting each of these marshes to the ocean 
are impacted by a bisecting roadbed, but have experienced different degrees of tidal 
restriction and have different histories of restoration (Figure 1.2). Archival maps indicate 
that the bisecting roads have existed in their present locations since at least 1856 at sites 1 
and 2, since at least 1872 at site 4, and since the early 1900s at site 3. Tidal exchange at 
site 1 is almost entirely unrestricted (Figure 1.2) because the unpaved roadbed does not 
impede surface flow (the road is at or slightly below the grade of the marsh platform) nor 
creek flow (the creek passes through a cement pipe as wide and deep as the natural 
creek). At sites 2, 3, and 4, restoration projects were completed between 1998 and 2005 
to increase tidal exchange. Site 4 was restored in 1998 by the installation of a 2.4 m by 
1.5 m box culvert to replace a 0.9 m-diameter pipe (Buchsbaum et al. 2006). Site 3 was 
partially restored in 2001 by installation of a 0.9 m diameter pipe high in the roadbed, and 
site 2 was restored in 2005 by the installation of a box culvert similar to the one at site 4 
(Buchsbaum, personal communication). At all four sites, we designated two subsites: a 
marsh area on the seaward (and therefore unrestricted) side of the roadbed and a marsh 
area on the landward (and therefore potentially restricted) side of the roadbed. In addition 
to serving as local references for each impacted marsh area, the seaward subsites also 
allowed us to parse restriction/restoration effects from the effects of site-specific 
characteristics because we could compare these marsh areas that have no history of 
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restriction or restoration. 
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Study design 
This study was completed in three phases. In the first phase (October 2011), we 
measured GHG fluxes at each of the four sites with 7 or 8 measurements per site. 
Locations for these measurements were chosen to contrast native species with 
Phragmites australis. These measurements were made only in the landward subsites. 
During the second phase (June and August 2012) we made triplicate GHG flux 
measurements in ½ m2 plots at each subsite. Plots were located 10 m landward or 
seaward of the potentially restricting roadway, and were 10 m from the creek bank. In the 
third and final phase (2013 and 2014), we made seasonal (August/September, November, 
May, and July) GHG flux measurements at both landward and seaward subsites of sites 1 
and 4. We concentrated on these two sites because we wanted to explore the drivers 
behind high CH4 fluxes we observed at site 4 during the first two phases. In this final 
phase, we increased replication from 3 to 5 flux measurements per site, sampling across 
much larger 200 m by 200 m zones adjacent to the potentially restricting roadway and 
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approximately centered on the tidal creek. 
Tidal curves 
We measured tidal curves at sites 1-3 on 25 July or 26 July 2013. Tidal height 
relative to a fixed pole in the high marsh platform was measured 5 m landward and 5 m 
seaward of the potential restriction every 30 minutes from low tide until the next low tide. 
Tidal curves obtained with comparable methods were previously published for site 4 
(Buchsbaum et al. 2006). 
Greenhouse gas fluxes 
During each phase of the experiment, we measured greenhouse gas (GHG) fluxes 
using a static chamber method previously described in detail (Emery and Fulweiler 
2014). Briefly, we sampled the gas headspace inside transparent closed chambers by 
inserting a needle through a rubber septum, and calculated the flux from the change in 
concentration of GHGs over a 25-60 minute period. Between 6 and 10 headspace samples 
were collected and immediately transferred to evacuated Exetainer vials (Labco, UK) 
until analysis with a gas chromatograph (GC-2014, Shimadzu, Japan). If a significant (p 
< 0.05) change in concentration over time was not detected, the flux value was set to 0. 
Temperature and PAR 
We recorded atmospheric pressure, ambient photosynthetically active radiation 
(PAR), and air temperature inside each chamber at each gas headspace sampling point. 
We used a Li-Cor LI-190 Quantum Sensor (Li-Cor Biosciences, Lincoln, NE) or 
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Decagon LP-80 ceptometer (Decagon Devices, Pullman WA) to measure PAR, and 
digital thermometers mounted inside the chambers to monitor chamber temperatures. Soil 
temperature at 10 cm was measured adjacent to each flux collar with a digital temperature 
probe. We obtained ambient temperature data at 15 minute intervals from the nearby (4-
13 km) weather station maintained by the Plum Island Ecosystems Long-Term 
Ecological Research site (Giblin 2014). 
Plant community and biomass  
We measured aboveground biomass by harvesting all live and standing dead 
vegetation within the chamber collar after each flux measurement, except for June 2012 
when we left the biomass inside the flux collar intact so that we could return to the same 
location in August 2012. All biomass was sorted and identified to species (Tiner 2009), 
and each species was separated into live and dead fractions and dried to constant mass at 
65 °C. Community composition was determined as the percentage of dry weight, and 
species richness as the number of species present in each flux collar.  
In June and August 2012 we collected duplicate cores (5 cm diameter by 30 cm 
deep) from each landward and seaward subsite for belowground biomass determination. 
We separated belowground biomass from cores by wet sieving. We partitioned 
belowground biomass into two categories: live belowground biomass (rhizomes and 
roots), and peat. Both fractions were dried to constant mass at 65 °C. 
For sites 2 and 3, we obtained plant community data (Duff and Buchsbaum 2015) 
from the Massachusetts Audubon Society (MAS). These data were from annual surveys 
of restoration sites conducted by MAS personnel and volunteers beginning before 
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restoration occurred. At each subsite of sites 2 and 3, a 25 m transect extending from 
upland down to the salt marsh area was established and resampled each year. All species 
present in each 1 m transect segment were recorded once a year in the fall. We obtained 
plant community data for sites 1 and 4 from previously published results of similar 
transect surveys conducted by MAS personnel (Buchsbaum et al. 2006). Transect length 
was variable for sites 1 and 4 but typically around 50 m, so community data is reported as 
the percentage of 1m transect segments in which a species was present. This represents a 
transformation from the original data in (Buchsbaum et al. 2006). 
Sediment  
We collected salt marsh sediment cores (2.5 cm inner diameter and 10 cm deep) 
during each phase of the study (2011: from two haphazardly selected GHG flux collars 
per landward subsite after GHG measurement, n = 2; 2012: adjacent to flux collars at 
each subsite, n = 2; 2013 and 2014: from every GHG flux collar after GHG measurement, 
n = 5). From each core, we determined gravimetric water content by drying to constant 
mass at 65 °C and sediment loss on ignition (LOI) by measuring dry weight lost after 
combusting samples at 500 °C for 6 h. On three dates (August 2012, November 2013, 
May 2014), sediment carbon and nitrogen contents were determined with a Fisons 
NA1500 elemental analyzer. Bulk density was determined by dividing the dry weight of 
the sediment by the core volume for landward subsites at all four sites in 2011, and for 
both subsites at sites 1 and 4 in 2013-2014. 
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Porewater 
Approximately 36 h before GHG flux measurements, we installed porewater 
samplers in each sampling area (in 2012) or next to each flux collar (in 2013 and 2014). 
The samplers were constructed of ¾ inch PVC perforated with holes, and reached a depth 
of 20 cm (Emery and Fulweiler 2014). At the time of GHG flux measurement, we 
extracted the porewater that had collected in the sampler in the 36 h since installation 
with acid-rinsed tygon tubing and syringes. We measured salinity and pH of the 
porewater with Hach HQd conductivity and pH probes (Hach, Loveland CO). Probes 
were calibrated with standard solutions according to manufacturer instructions the day 
before or the day of each sampling trip. No water was available in the collectors in 
August 2012, so we measured the salinity of porewater squeezed from the belowground 
biomass cores collected on this sampling date. 
In addition to the measurements made in conjunction with GHG flux 
measurements, we obtained salinity data (Duff and Buchsbaum 2015) collected during 
the MAS vegetation surveys (Plant community and biomass). When MAS personnel 
established the vegetation transects, they installed wells at three points along each 
transect to collect porewater in the top 20 cm of the marsh sediment. The salinity of the 
porewater in these wells was determined by refractometry in the field during each annual 
vegetation survey.  
Statistical analysis 
We performed all statistical analysis in R version 3.3.0 (R Core Development 
Team 2016). Unless otherwise noted, statistical significance refers to a p-value less than 
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0.05.  
To investigate potential impacts of restriction and restoration history, we 
compared biomass (live and dead aboveground, belowground), porewater salinity and 
pH, and sediment parameters (moisture, peat content, LOI, C and N contents, and C:N 
ratio) between each landward and seaward pair of subsites using Student’s t-test. To 
facilitate site comparisons, we compared the seaward sites to one another with ordinary 
least squares analysis of variance (ANOVA). To ensure our analyses of biomass 
parameters were not biased by seasonal variation, we only included biomass data from 
phase 2 because all 8 subsites were sampled during these sampling trips. If data did not 
meet the assumption of homogeneity of variance according to Bartlett’s test, the Welch 
adjustment to the t-test or ANOVA was used.  ANOVAs indicating a significant 
difference between sites were followed up with multiple comparisons using the Tukey or 
Games-Howell post hoc tests for standard ANOVA and Welch ANOVA respectively.  
To assess the impact of tidal restoration on the marsh plant community, we 
compared species presence/absence along the transects at sites 2 and 3 before and after 
restoration with a permutational multivariate analysis of variance using distance matrices 
(Oksanen et al. 2016). Years before and years after were pooled as replicates in the 
analysis. If a significant change in community composition was detected, we calculated 
the percent contribution to dissimilarity of each species (Roman et al. 2002).  
Because our GHG flux calculation procedure assigns the value of zero when the 
change in concentration is not significant, flux observations with the value of zero may 
actually be small positive or negative fluxes that fall below our minimum detection limits 
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(i.e. our data is censored near zero). For statistical analysis of greenhouse gas fluxes, we 
therefore used rank-sum alternatives (the Mann-Whitney and Kruskal-Wallis tests) to the 
Student’s t-test and ANOVA. Multiple comparisons were made using Tukey’s post hoc 
test in the case of a significant difference indicated by ANOVA.   
To explore potential drivers of GHG flux, we calculated univariate regressions 
between gas fluxes (the mean fluxes across replicates per site per date) and potential 
explanatory variables (available temperature, sediment, biomass, and porewater 
parameters). For each explanatory variable, correlation coefficients were tabulated for the 
entire data set, and for each site (pooling landward and seaward subsites). If, after this 
univariate analysis, multiple variables were found to have significant explanatory power 
for a gas flux for a given site or set of sites, we then tried all possible multiple regression 
models containing these variables, except in cases of colinearity between variables. 
Results 
Tidal curves 
The difference in the tidal range between the landward and seaward areas of each 
marsh varied, including at the never-restricted reference marsh. The range at landward 
site 1 (site 1L) was 0.12 m smaller than, and about 91% the size of, the range at seaward 
site 1 (site 1S). The range was further dampened at the landward subsites of sites 2-4 
relative to their seaward subsites: site 2L was 79% that of site 2S (0.24 m smaller), site 
3L was 35% that of site 3S (1.15 m smaller), and site 4L was just 53% that of site 4S 
(0.66 m smaller). While the rate of ebb and flow as well as the moment of highest tide 
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were very similar between both subsites at site 1, differences between landward and 
seaward subsites were apparent at the other sites (Figure 1.2). In particular, although ebb 
and flow around high tide were unrestricted at site 3, the landward subsite did not drain 
fully at low tide. Site 4 showed the most evidence of continuing restriction. At this site 
there was not only a damping of tidal range, there was also a delay of high tide, 
suggesting that ebb and flow were substantially limited throughout the tidal cycle. 
 
 
Figure 1.2 Tide curves at the four study sites. 
S and L indicate seaward and landward subsites. Site 1 is unrestricted, and the landward 
subsite of sites 2-4 were restored in 2005, 2000, and 1998 respectively. Site 4 data are 




As has previously been reported (Buchsbaum et al. 2006), the plant community at 
site 4L exhibited a significant shift from fresh towards brackish and saltwater species 
after the 1998 restoration, while the communities at site 4S and site 1 did not (Table 1.2, 
Figure 1.3). According to MAS monitoring data, the plant community at site 2L changed 
substantially after restoration occurred in 2005 (Figure 1.3). The three species 
contributing most to the change in community were Phragmites australis, Spartina 
patens, and S. alterniflora, together accounting for 84.2% of the dissimilarity between 
communities present before and after restoration (Table 1.2). P. australis almost 
completely disappeared by 5 years after restoration, S. patens declined somewhat from 
2002-2013, while S. alterniflora steadily increased during this time period (Figure 1.3). 
The plant community at site 2S did not change significantly (p = 0.103) over the same 
period (Table 1.2). The plant community at site 3L also exhibited a change after 
restoration (Figure 1.3), and this change was largely driven by the disappearance of 
Lythrum salicaria (purple loosestrife) and an increase in S. patens and Agropyron 
pungens (quackgrass). Together these three species accounted for the 89.5% of the 
dissimilarity of the communities before and after restoration (Table 1.2). As the transect 
at site 3S was established in 2001 (after the 2000 restoration) we could not determine if 
there was a plant community change due to restoration at this subsite.  
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Table 1.2 Contribution by plant taxa to the dissimilarity between vegetation 















1 Spartina patens 89.4 81.2 † † 
Phragmites australis 73.6 87.0   
Spartina alterniflora 52.4 72.2   
Salicornia maritima 36.8 40.8   
Distichlis spicata 34.8 59.4   
Juncus gerardii 23.4 22.6   
Scirpus robustus 7.2 7.6   
Atriplex patula 1.6 2.0   
2L Phragmites australis 40.0 9.8 46.91 46.91 
Spartina patens 74.7 53.3 23.37 70.29 
Spartina alterniflora 42.7 59.1 13.89 84.17 
Juncus gerardii 16.0 0.4 12.43 96.60 
Distichlis spicata 45.3 37.3 3.29 99.89 
Solidago sempervirens 1.3 0.0 0.09 99.98 
Atriplex patula 0.0 0.4 0.01 99.99 
Salicornia europaea 48.0 48.4 0.01 100.00 
2S Spartina alterniflora 61.3 37.3 † † 
Solidago sempervirens 21.3 9.3   
Phragmites australis 37.3 48.0   
Spartina patens 25.3 18.7   
Iva fructescens 9.3 3.6   
Suaeda linearis 4.0 0.0   
Atriplex patula 9.3 6.2   
Salicornia europaea 14.7 16.9   
Distichlis spicata 12.0 12.4   
Data from sites 1 and 4 modified from Buchsbuam et al (2006). 
† Not calculated because ANOSIM showed no significant difference.  
‡ Not calculated because pre-restoration data were not collected. 
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3L Spartina patens 12.0 71.1 49.12 49.12 
Lythrum salicaria 46.0 0.9 28.61 77.73 
Agropyron pungens 20.0 48.9 11.73 89.46 
Phragmites australis 50.0 66.7 3.90 93.36 
Solidago sempervirens 28.0 40.0 2.02 95.39 
Panicum virgatum 70.0 81.8 1.95 97.34 
Agrostis stolonifera 16.0 6.7 1.22 98.56 
Juncus balticus 36.0 43.6 0.80 99.37 
Teucrium canadense 0.0 4.9 0.34 99.70 
Distichlis spicata 4.0 7.1 0.14 99.84 
Iva fructescens 6.0 8.9 0.12 99.96 
Atriplex patula 0.0 1.8 0.04 100.00 
3S Phragmites australis - 79.3 ‡ ‡ 
Solidago sempervirens - 33.5   
Spartina patens - 76.7   
Juncus balticus - 69.8   
Panicum virgatum - 58.2   
Distichlis spicata - 31.3   
Agrostis stolonifera - 10.9   
Triglochin maritima - 37.5   
Limonium 
carolinianum 
- 0.4   
Scirpus americanus - 46.5   
Spartina alterniflora - 7.6   
Data from sites 1 and 4 modified from Buchsbuam et al (2006). 
† Not calculated because ANOSIM showed no significant difference.  
‡ Not calculated because pre-restoration data were not collected. 
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4L Typha angustifolia 35.8 11.6 34.25 34.25 
Phragmites australis 79.8 49.2 26.23 60.48 
Spartina alterniflora 34.2 56.2 13.67 74.15 
Solidago sempervirens 47.4 18.0 10.68 84.83 
Juncus balticus 9.4 0.0 4.24 89.06 
Atriplex patula 16.6 2.6 4.04 93.11 
Juncus gerardii 13.0 6.6 2.05 95.15 
Salicornia maritima 35.0 40.8 1.46 96.62 
Distichlis spicata 37.8 43.8 1.00 97.62 
Suaeda linearis 9.4 15.2 0.93 98.55 
Spartina patens 92.6 99.8 0.93 99.47 
Spartina pectinata 18.8 9.6 0.27 99.74 
Limonium 
carolinianum 
0.0 1.4 0.20 99.94 
Agrostis stolonifera 1.6 0.0 0.03 99.97 
Scirpus pungens 0.8 0.0 0.02 99.99 
Iva fructescens 0.4 0.8 0.01 100.00 
Cyperus strigosus 0.4 0.0 0.00 100.00 
4S Spartina patens 91.5 84.3 † † 
Spartina alterniflora 97.0 98.0   
Salicornia maritima 5.5 13.5   
Distichlis spicata 17.0 10.3   
Atriplex patula 3.5 3.5     
Data from sites 1 and 4 modified from Buchsbuam et al (2006). 
† Not calculated because ANOSIM showed no significant difference.  
‡ Not calculated because pre-restoration data were not collected. 
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Figure 1.3 Frequency of the species that contributed most to the dissimilarity 
between pre- and post-restoration communities at sites 2-4, and of selected species at site 
1. Site 1 and 4 panels are adapted from Figures 3 and 4a in Buchsbaum et al (2006).  
 
Porewater 
 Despite changes in vegetation at all three restored sites that indicate increasing 
salinity, little change in porewater salinity in the top 20 cm of sediment were observed 
after restoration for sites 2L or 3L (Figure 1.4). Although salinity at site 2L was higher 
than at site 2S (2x2 ANOVA with subsite and before/after restoration as factors, p < 





















































years to post-restoration years at either subsite. Wells were not installed at site 3S until 
after restoration occurred, but there was no significant difference in porewater salinity 
between sites 3L before, 3L after, and 3S after (ANOVA across those 3 categories). At 
site 4L, porewater salinity in the top 20 cm was higher during the growing season 
immediately following restoration than it had been in the growing season before 
restoration (Buchsbaum et al. 2006). However, salinity increased by approximately the 
same magnitude at site 4S where no restoration occurred, suggesting the salinity 
increases at both subsites were driven at least in part by a decrease in precipitation during 
the post-restoration year (Buchsbaum et al. 2006). Our own measurements of porewater 
salinity at the time of GHG flux measurement showed no difference in salinity between 
the landward and subsites at site 4 (Figure 1.4). Porewater salinity was not monitored at 
site 1 around the time of the restorations at sites 2-4, and our measurements there showed 
no difference between subsites during GHG measurements (Figure 1.4). 
Across seaward subsites, we observed salinities from 5 to 37, with site 4S having 
significantly higher salinity than all other sites (mean ± standard error: 30.4 ± 0.8), and 
site 3S having significantly lower salinity than all other sites (12.8 ± 1.2). The porewater 
at site 3S had the highest pH (7.16 ± 0.14), and site 2S had the lowest and most variable 
(5.61 ± 0.95). All other sites fell between these sites and no sites differed significantly 
from any others (Figure 1.4). No significant differences in pH were observed between 
any pair of subsites. 
 23 
 
Figure 1.4 Salinity and pH of the porewater at each study site. 
Leftmost panels: time series of salinity, with points representing means ± standard error 
on each sampling date. At site 4, triangle points are plant community means ± standard 
errors from Table 1 (Depth 5-20 cm) in Buchsbuam et al (2006), and have been offset 
along the x-axis for visibility. Center and right panels are salinity and pH box and 
whisker plots showing median, first and third quartiles, range, and outliers (beyond 
double the interquartile range). Box width is proportional to the number of observations 
in each group. In the salinity plots, data points or boxes to the left of the vertical dashed 
line indicate pre-restoration data, while boxes to the right indicate post-restoration. All 

















































































Figure 1.5 Biomass and sediment characteristics at each study site. 
S and L indicate seaward and landward subsites. Differences between white bars 
(seaward subsites) that share a lower case letter are not statistically significant. Asterisks 
denote statistically significant differences between the landward and seaward subsites 
within a site. Site 1 is unrestricted, and the landward subsites of sites 2-4 were restored in 
2005, 2000, and 1998 respectively. 
 
Biomass 
Live above- and below-ground biomass was similar across seaward subsites, 
except for site 3 which had lower plant density than most other sites (136 vs 275-350 g 
m-2 aboveground, 1.4 vs 4.9-7.8 g L-1 belowground) (Figure 1.5). Despite this, standing 
dead biomass was similar at site 3 to sites 2 and 4, while site 1 had significantly less dead 
aboveground biomass than sites 2 and 3 (Figure 1.5). Both live and dead aboveground 






























































































































































































biomass were similar when comparing landward and seaward subsites to one another at 
each site, but the landward subsite had significantly less live belowground biomass at 
sites 3 and 4 (Figure 1.5). 
Sediment 
Typical sediments at sites 1, 2, and 4 were moist (72-78%), peaty (37-47 g L-1), 
and organic-rich (LOI 32-35%), with a high C:N molar ratio (17-22) especially at the 
seaward subsites (Figure 1.5). However, site 3 was characterized by sandy sediment with 
lower water content (~22%), less peat (<4 g L-1), and little organic matter (LOI 2.5-3.1%) 
and a lower C:N molar ratio (10-12) at both subsites (Figure 1.5). When comparing 
landward to seaward subsites within a site, the subsites of sites 1 and 3 were generally 
similar, but the subsites of sites 2 and 4 were different for many metrics (Figure 1.5). At 
the landward subsite of site 2, below a 5-10 cm deep surface horizon of peat, there was a 
coarse gravelly mixture suggesting fill or roadbed material, and this is reflected in the 
significantly lower moisture, peat, LOI, C, N, and C:N ratio in the landward sediments of 
this site (Figure 1.5). Typical peat at all sites was tan in color and composed of densely 
packed thin fibers with discernable plant structures, however the peat in the landward 
subsite of site 4 was nearly black, and was composed of loosely packed thick fibers that 
had degraded beyond easy identification. The different, less dense character of this peat is 
reflected in the lower peat content of the sediment at this subsite, and its higher N content 
despite a lower C:N ratio (Figure 1.5). 
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Greenhouse gas fluxes 
Net ecosystem exchange (NEE) ranged from a net uptake of -12.1 µmol CO2 m
-2 
s-1 to net efflux of 8.4 µmol CO2 m
-2 s-1 (Figure 1.6). In approximately 82% of all 
measurements we detected NEE significantly different from zero (p < 0.05), and 68% of 
these non-zero fluxes represented net uptake of CO2 (Figure 1.7). At site 1, mean NEE 
was negative (representing net CO2 uptake) at the landward subsite but was slightly 
positive at the seaward subsite (Figure 1.6). At the three restored sites (sites 2, 3, and 4), 
NEE was similar between each pair of subsites. NEE was similar across all four seaward 
subsites.  
CH4 fluxes ranged from -9 to 1482 µmol m
-2 h-1. In approximately 42% of all 
measurements we detected a CH4 flux significantly different from zero (p < 0.05), and 
95% of these non-zero fluxes represented net emission. Net uptake was observed once at 
site 2L, and twice at site 4S (Figure 1.7). CH4 emission at most sites and subsites was 
similar, with the notable exception of site 4L (Figure 1.6). All the fluxes measured at all 
sites in this study, except those at site 4L, were less than 60 µmol m-2 h-1, averaging 6.8 
µmol m-2 h-1. At site 4L we observed rates of CH4 emission more than an order of 
magnitude higher, ranging up to 1482 µmol m-2 h-1 with a mean of 104 µmol m-2 h-1. CH4 
emission was lower at site 2L compared to site 2S. There was no difference in CH4 flux 
between subsites at sites 1 or 3. CH4 emission was similar across all seaward subsites.  
N2O fluxes ranged from -0.78 to 0.39 µmol m
-2 h-1, representing both emission 
and uptake (Figure 1.6). In fewer than 13% of all flux measurements we detected a N2O 
flux significantly different from zero (p < 0.05), and the majority (85%) of these non-zero 
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Figure 1.6 Mean greenhouse gas fluxes at the four sites over the course of the study. 
Bar width is proportional to the number of measurements made at each site, and the error 
bars represent standard error of the mean based on these variable values of n. Site 1 is 
unrestricted, and the landward subsites of sites 2-4 were restored in 2005, 2000, and 1998 
respectively. 
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fluxes represented net uptake (Figure 1.7). There were no significant differences in fluxes 
between subsites at any site, or across the four seaward subsites. Across all sites, the 
mean flux of N2O was -0.041 µmol m
-2 h-1, representing a net uptake that was small but 
significantly (p = 0.001) different from 0. 
Regression analysis 
We regressed NEE, CH4 flux, and N2O flux against 23 environmental variables 
(Table 1.3) typically used to explain GHG fluxes and found very few significant 
relationships. Across all sites, the only variables to explain NEE were porewater pH, live 
aboveground biomass, and dead aboveground biomass, each with an R2 of 0.13 or less. 
When sites were analyzed individually, the relationships between NEE flux and live 
aboveground biomass and pH did not hold, and the relationship between NEE and dead 
standing biomass only remained significant at sites 1 and 3. Spartina patens had a strong 
relationship with NEE at site 3 only, and C:N ratio was similarly important only at site 4. 
Live and dead aboveground biomass were collinear (r = -0.57), so the only multiple 
regression tried for NEE across all sites included the stronger of the two biomass 
variables (dead standing biomass) along with pH. This multiple regression had an 
adjusted R2 of 0.18, and was therefore only somewhat stronger than the regression of 
either pH or dead biomass independently. This multiple regression model was also 
applied to sites 1 and 3 where dead biomass was significant, because pH retained a 
relatively strong relationship with NEE at these sites despite not being independently 
significant at either one. However, the univariate model with dead standing aboveground 
biomass as the explanatory variable was stronger than the multivariate for both sites. No 
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multiple regressions were attempted for other individual sites because in the only instance 
where multiple drivers were correlated to NEE (at site 3) the two significant drivers were 
significantly collinear (r = 0.93).  
When sites were pooled, Distichlis spicata was correlated to CH4 flux, but this 
was not true for any site individually. No other environmental variables were 
significantly related to CH4 flux at sites 1 and 2. At site 3, temperature and PAR had a 
significant relationship with CH4 flux, and at site 4 C:N ratio did. No multiple regressions 
were attempted to explain CH4 flux because PAR and chamber temperature were 
collinear at site 3 (r = 0.96) and at all other sites (and across all sites) only one or no 
explanatory variables were significant.   
When sites were pooled, bulk density, C:N ratio, total aboveground biomass, and 
live aboveground biomass were correlated with N2O flux, but no drivers were 
significantly correlated with N2O flux at any individual site. No multiple regression 
models were attempted for N2O due to a combination of 1) collinearity between total and 
live aboveground biomass (r = 0.62); 2) high proportion of missing sediment data (at 
sites 2 and 3 bulk density was only measured in October 2011); and 3) excessively zero-
inflated N2O flux data (on the subset of dates for which C%, N%, and C:N data were 




Table 1.3 Gas flux driver correlations 
Correlation coefficients (r) between 23 independent variables and gas fluxes. Correlation 
coefficients were calculated for each gas/variable combination at all sites together (“All”) 
and for each site (1-4) individually. 
Variable Name All 1 2 3 4 
(a) CO2       
Temperature & PAR       
Ambient -0.18 -0.32 -0.44 0.41 -0.07 
Inside Chamber  -0.18 -0.25 -0.39 0.18 -0.22 
Soil -0.33 -0.33 -0.42  -0.28 
PAR -0.11 0.07 -0.48 0.03 -0.10 
Porewater       
pH 0.34 0.46 0.19 -0.37 0.06 
Salinity 0.13 0.05 0.18 -0.80 0.18 
Sediment       
SWC -0.24 -0.19 0.63 -0.55 -0.08 
Bulk Density -0.02 0.15   -0.25 
LOI -0.14 0.36 0.72 -0.13 -0.38 
N% -0.32 0.36   -0.16 
C% -0.29 0.26   0.13 
C:N -0.30 -0.32   0.84 
Biomass       
Total AGB -0.07 0.19 0.03 -0.57 -0.05 
Live AGB -0.35 -0.33 -0.45 -0.73 -0.39 
Dead Standing AGB 0.36 0.67 0.31 0.93 0.43 
Species Richness -0.03 -0.07 0.45 -0.21 -0.19 
Phragmites australis -0.11 -0.19 -0.04 -0.77 -0.10 
Spartina alterniflora -0.03 0.08 0.18  0.09 
Spartina patens 0.16 0.02 0.56 0.88 -0.05 
Distichlis spicata -0.21 -0.12 -0.50 -0.32 0.02 
Salicornia spp -0.02 -0.04  -0.32 0.20 
Agrostis spp 0.18   -0.61  




Table 1.3., continued. 
Variable Name All 1 2 3 4 
(b) CH4       
Temperature & PAR       
Ambient 0.18 0.31 0.24 0.78 0.28 
Inside Chamber  0.16 0.11 0.33 0.93 0.25 
Soil 0.10 0.53 0.19  0.22 
PAR -0.01 -0.33 0.17 0.92 -0.04 
Porewater       
pH 0.05 0.02 -0.79 0.74 0.08 
Salinity 0.03 -0.23 0.81 -0.20 -0.25 
Sediment       
SWC 0.05 -0.18 0.59 -0.56 -0.18 
Bulk Density -0.04 0.46   -0.14 
LOI -0.06 0.34 0.72 0.31 -0.44 
N% -0.13 -0.21   -0.43 
C% -0.23 0.04   -0.73 
C:N -0.27 0.67   -0.87 
Biomass       
Total AGB 0.25 0.17 -0.39 0.05 0.19 
Live AGB 0.23 0.48 -0.90 0.08 0.38 
Dead Standing AGB -0.02 -0.53 0.09 -0.12 -0.32 
Species Richness -0.20 0.51 0.66 -0.13 -0.47 
Phragmites australis 0.16 -0.18 -0.41 0.00 0.37 
Spartina alterniflora -0.13 -0.20 -0.20  -0.38 
Spartina patens -0.24 0.27 0.87 0.07 -0.44 
Distichlis spicata 0.40 0.06 -0.39 0.28 0.54 
Salicornia spp -0.14 0.01  0.28 -0.15 
Agrostis spp -0.07   -0.23  




Table 1.3., continued. 
Variable Name All 1 2 3 4 
(c) N2O       
Temperature & PAR       
Ambient -0.01 -0.30 0.49 0.73 -0.03 
Inside Chamber  -0.01 -0.22 0.51 0.49 -0.10 
Soil -0.21 -0.35 0.34  -0.37 
PAR 0.02 0.02 0.58 0.28 0.02 
Porewater       
pH 0.18 0.39 -0.10 0.26 -0.15 
Salinity -0.02 0.13 -0.04 -0.69 0.13 
Sediment       
SWC -0.24 0.07 -0.15 -0.86 -0.18 
Bulk Density -0.56 -0.15   -0.25 
LOI -0.16 0.16 0.07 0.26 -0.34 
N% -0.36 0.21    
C% -0.45 -0.04    
C:N -0.53 -0.67    
Biomass       
Total AGB -0.23 0.11 0.93 -0.76 -0.43 
Live AGB -0.43 -0.22 0.50 -0.83 -0.53 
Dead Standing AGB 0.27 0.43 0.80 0.74 0.34 
Species Richness -0.26 -0.32 -0.37 0.08 -0.53 
Phragmites australis -0.19 -0.02 -0.03 -0.88 -0.01 
Spartina alterniflora 0.10 0.39 -0.05  0.14 
Spartina patens -0.09 -0.34 -0.06 0.65 -0.28 
Distichlis spicata 0.10 -0.24 0.08 0.07 0.16 
Salicornia spp 0.10 0.27  0.07 0.14 
Agrostis spp -0.04   -0.40  
Sueda linearis 0.07     0.07   
1Boldface values indicate a statistically significant relationship (p < 0.05).  
2Correlation coefficients are missing if unavailable data, zero-inflated data, and/or low 




We observed both net uptake and net emission of CO2, CH4, and N2O at most 
sites, with high spatial variability for all gases (Figure 1.7) and little correlation with the 
environmental conditions expected to drive flux rates of these GHGs (Table 1.3). Only 
CH4 fluxes appear to potentially be impacted by tidal restriction and restoration, though 
inconsistently: only 2 of the 3 restored sites show CH4 differences and they were opposite 
in direction and variable in magnitude. The differences we observed in CH4 flux rates 
demonstrate that biogeochemical effects of tidal restriction may linger even years or 
decades after restoration of the plant community occurs. The variability in CH4 response 
to restoration also reflects the spatial and temporal heterogeneity (the hot spots and hot 
moments) commonly observed with biogeochemical processes (Groffman et al. 2009). 
The variability observed in all GHGs (Figure 1.7) may help account for the relatively 
weak correlations of drivers with these gases (Table 1.3). 
The strongest fluxes of CO2 in either direction occurred in July-September, while 
the flux values nearest to zero were observed when temperatures were coolest and live 
aboveground biomass was low or nonexistent (May, and especially November after 
senescence). Despite quantifying the parameters in many well-established relationships 
known to drive the photosynthesis and respiration components of NEE (e.g., live 
biomass, PAR, air temperature) we did not observe strong correlations of any variables 
with NEE. This is likely in part because all flux measurements were net measurements 
with simultaneous respiration and photosynthesis, making it more difficult to tease out 
drivers of either process.  
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CH4 fluxes did not vary consistently by subsite (i.e., landward vs. seaward) or by 
time since restoration. Across 7 of the 8 marshes studied (all except site 4L), CH4 
emissions were low as is expected for marshes with salinity above 18 (Poffenbarger et al. 
2011). In these 7 marshes, the mean CH4 flux was 12.7 ± 1.1 µmol m
-2 h-1 (mean ± SE) 
which is similar to the 8.1 ± 4.6 µmol m-2 h-1 for polyhaline marshes (salinity >18) found 
in review by Poffenbarger et al. (2011). This mean CH4 flux rate is also within the range 
previously observed in the same marsh system as this study (Moseman-Valtierra et al. 
2011, Emery and Fulweiler 2014) and salt marshes in general (Poffenbarger et al. 2011).  
The 8th marsh, site 4L, had much higher CH4 emissions than expected given its salinity. 
The mean at this site was 104.0 ± 50.9 µmol m-2 h-1, a rate more comparable to 
mesohaline (5-18 ppt) marshes, though still less than the highest emitting fresh and 
oligohaline marshes (0-5 ppt) from the same review (Poffenbarger et al. 2011). Compared 
to the mean of all other sites, site 4L emits an additional 91.3 µmol CH4 m
-2 h-1, or 1206 
kg CH4 each year over its 9.4 ha. This quantity of excess CH4 has the global warming 
potential equivalent to 41.0 Mg CO2 per year over a 100-year time horizon if carbon 
cycle feedbacks are included (IPCC 2013). 
Although non-zero fluxes of N2O were only detected 13% of the time, the four 
marshes in this study are on average small sinks of N2O. These results agree well with 
recent findings in the same marsh system in terms of mean flux value and range, as well 
as the number of measurements showing a non-zero N2O flux (Moseman-Valtierra et al. 
2011, Emery and Fulweiler 2014). Net uptake of N2O on average places the marsh 
system in this study (Plum Island Estuary) near the low end of the range for N2O flux for 
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marshes globally (Murray et al. 2015).  This study confirms that salt marshes with 
relatively low nitrogen impacts are net sinks of atmospheric N2O. This work is the first to 
show that tidal restriction and restorations of the type studied here have no impact on the 
N2O emissions from a salt marsh. 
Site differences and restriction impact 
The effects of restriction and/or restoration were apparent in the subsite (landward 
vs. seaward) differences in sediment characteristics at sites 2 and 4, but no effects were 
apparent at sites 1 and 3 (Figure 1.5).  Interestingly, sites 2 and 4 also exhibited different 
CH4 emissions between subsites (albeit inconsistently: the landward subsite emissions 
were much higher at site 4 and somewhat lower at site 2), while sites 1 and 3 CH4 
emissions did not differ (Figure 1.6). Sites 2 and 4 have differing histories that may have 
shaped their sediments’ response to restriction. Site 4 appears to have been more severely 
restricted, having been completely surrounded by upland and roadway for decades, with a 
significant restriction on a large creek that has not been fully restored (Figure 1.2). 
Sediment from landward subsite 4 has substantially different organic matter availability 
as it has less than half as much peat as the seaward subsite 4, but higher N contents and a 
lower C:N ratio (Figure 1.5).  This site spent decades with a damped tidal prism that 
lowered maximum high tide by approximately 0.5 m (Buchsbaum et al. 2006), and its full 
tidal range has still not been restored (Figure 1.2). The much higher rate of CH4 
emissions at site 4L can likely be attributed to this restriction and restoration history. We 
hypothesize that ongoing tidal restriction limits porewater exchange such that inundation 
is frequent and complete enough to maintain high salinity, but not frequent enough to  
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replenish terminal electron acceptors such as sulfate in this highly degraded sediment. 
This insufficient porewater exchange has led to the high methane emissions observed at 
site 4L. 
Unlike at site 4, current tidal exchange at site 2 is nearly unrestricted (Figure 1.2), 
so ample sulfate supply limits methanogenesis. In addition, site 2 is not completely 
bounded by upland, and may therefore have been subject to a less severe restriction due 
to a higher level of tidal exchange before restoration, allowing a faster recovery. Another 
consideration is that site 2 seems to have received some gravel fill close to the roadway, 
perhaps in the course of building the roadbed, and 5-10 cm of peat has now formed on 
top. Whether due to the severity of restriction, the extent of restoration, or to the fill 
material, site 2L has lower peat content, LOI, C content, N content, and C:N ratio than 
site 2S (Figure 1.5), suggesting a much more dramatic difference in sediment between 
subsites at site 2 than at site 4. Yet the difference in CH4 emission is actually far more 
dramatic between subsites at site 4 than at site 2 (Figure 1.6).  
Similar sediments between subsites at site 1 were expected, as this site was not 
subject to restriction or restoration. Similar sediments between subsites at site 3 are 
surprising, however, given the subsite differences observed at sites 2 and 4, and the 
continued tidal restriction at site 3 (Figure 1.2). One possibility is that this site was 
subjected to an even less severe restriction than sites 2 or 4, such that it was never 
impacted strongly enough to alter sediment biogeochemistry. However, the dramatic 
change in vegetation at the time of restoration suggests recovery from restriction did 
occur (Figure 1.3). Further, there is a deep scour pool (a hydrogeological feature formed 
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when the thwarted incoming tidal energy erodes a basin adjacent to the restriction) visible 
in present day and pre-restoration satellite imagery at this site, providing physical 
evidence of substantial tidal restriction in the past.  
Another possibility is that the partial restoration at site 3 was enough to restore 
biogeochemical function without completely restoring the tidal range because of 
underlying site characteristics. Of the four marshes studied, site 3 alone was very sandy 
with little organic matter, while the other three sites had peaty sediment apparently 
composed mostly of roots and no sand. The higher permeability of the sediment at site 3 
means porewater exchange and drainage are far more efficient, allowing sulfate to be 
replenished even by limited tidal exchange, and other terminal electron acceptors to be 
replenished by oxygenation when the surface dries out. This underlying difference has 
nothing to do with restriction and restoration history, but was reflected in nearly every 
sediment characteristic measured (Figure 1.5). Despite many biogeochemical differences, 
the fluxes of greenhouse gases at site 3 were largely similar to those at the peaty sites 
(Figure 1.6). This fits with the idea that permeable sediments are hotspots of 
biogeochemical activity (Huettel et al. 2014). Rates of GHG production and consumption 
are higher at site 3 than expected based on sediment quality because biogeochemical 
processes proceed very quickly. More efficient biogeochemical processing in the 
permeable sandy sediments of site 3 may also have led to a more complete recovery from 
restriction. 
Defining restoration “success” 
Porewater salinity itself was not measurably changed at sites 2 and 3 after 
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restoration occurred. Despite the lack of observable salinity changes, the plant 
community changes at sites 2 and 3 echo the results previously published for sites 1 and 4 
(Buchsbaum et al. 2006): within a few years of tidal restoration, there was a shift away 
from brackish and freshwater species like Phragmites australis and Lythrum salicaria 
towards halophytic species like Spartina alterniflora and Agropyron pungens, but no shift 
was observed in adjacent unrestored marsh areas (Figure 1.3, Table 1.2). This suggests 
the presence of an ecologically important change in salinity conditions that was not 
captured by the infrequent (1-2 site visits per year, with several years missing) 
monitoring of porewater wells at low tide: for example, the height of highest tides, the 
length of inundations, or the salinity within a narrower depth horizon of the sediment 
(wells integrate over 20 cm or more) could all impact plant growth, but none of these 
changes would be detected by our methods. In the case of these two restorations, relevant 
ecological change occurred without a measured change in basic site parameters. 
If restoration success is defined as a change in plant community away from 
unwanted freshwater invasive species in particular (e.g. P. australis and L. salicaria) then 
restorations at sites 2, 3, and 4 were all successful. If, on the other hand, restoration 
success is defined as a change towards a salt marsh species assemblage specifically, then 
restoration at site 3 was not successful. At this site, A. pungens (a grass associated with 
sand dunes) expanded rapidly in the years after restoration, potentially overtaking even S. 
patens. Finally, if restoration success is defined as a shift towards the typical salt marsh 
biogeochemical profile associated with valuable ecosystem services like carbon 
sequestration, we may not be able to assess success at all. In most cases, no 
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measurements of these important services or their underlying drivers were made before 
the restoration (and certainly before the original restriction). Without a pre-restoration 
baseline, it is not only impossible to assess the degree of success, it is difficult to 
accurately predict outcomes.  
The large range in CH4 emissions found at the three restored landward subsites is 
an example of unintended and undesirable potential consequences of tidal restoration, and 
of the importance of site-specific factors. In contrast to the high CH4 emissions found at 
site 4L, the other two restored sites (2L and 3L) had lower or equivalent CH4 emissions 
compared to subsites 2S and 3S respectively. Therefore, a change in CH4 emissions is not 
a necessary result of tidal restriction or restoration, but it is possible. Whether the high 
CH4 emissions at site 4L are due to continuing restriction as we hypothesize or to another 
cause, they demonstrate the importance of site-specific factors in determining the 
outcome of restoration. A better understanding of such possible results and the site-
specific factors that create them would improve salt marsh management and restoration 
decisions. 
Conclusions and management implications 
There is a long history of association between high salinity and low CH4 
emissions (Bartlett et al. 1987, Poffenbarger et al. 2011), because the sulfate reducers in 
sea water outcompete methanogens (King and Wiebe 1980). This relationship has led to 
the assertion that creating or restoring marshes with high salinity is likely to be an 
effective way of sequestering carbon (Cornell et al. 2007, Poffenbarger et al. 2011). 
However, the highest CH4 emissions in this study were from the marsh with the highest 
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salinity (Figure 1.4) 13+ years after partial restoration took place. No measurements of 
CH4 emissions were made before restoration so it is impossible to say whether this level 
of CH4 emission is greater or less than it was under full tidal restriction. However, it is 
clear that if tidal exchange is not fully restored, even marshes with high salinity can have 
very high CH4 emissions. The inverse relationship of salinity with CH4 emissions was 
built upon studies of a variety of unrestricted natural marshes of varying salinities, and 
this study shows that we cannot assume that restored marshes will function the same as 
natural ones even if salinity has returned to pre-restriction levels.  
Tidal restriction can alter the biogeochemistry of a salt marsh, with major impacts 
evident long after tidal restoration. In this study, the marsh restored in 1998 emitted 25 
times more CH4 than the other marshes in the study, putting it on par with the CH4 
emissions of freshwater wetlands instead of the typically low emissions found in salt 
marshes. These differences were apparent even though porewater salinities were 
comparable to, and sometimes higher than, unrestricted reference marshes. Increasing salt 
water inundation via tidal restoration has been suggested as a way to increase carbon 
sequestration (Connor et al. 2001). This suggestion is based on strong evidence from 
marshes that range naturally in salinity from fresh to marine (Poffenbarger et al. 2011), as 
well as potential CH4 rates in created marshes (Cornell et al. 2007). However, direct 
measurements of CH4 flux from restricted and restored marshes had not been made until 
now. In light of these direct measurements, when restoration projects are being 
considered, reduced CH4 emissions cannot be assumed based on plant community and 
salinity alone, especially if restoration is incomplete.  
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Salt marshes are important sinks of nitrogen in coastal areas because they support 
favorable conditions for nitrogen cycling processes. Since nitrifying and denitrifying 
bacteria and archaea can produce N2O during these processes, salt marshes have been 
cited as potential sources of N2O to the atmosphere. However, many marshes are in fact 
small sinks of N2O because denitrifiers can consume N2O when nitrate (NO3
-) is limiting. 
When marshes are subject to N-loading and the availability of the energetically more 
favorable NO3
- increases, they can switch from net sinks to net sources of N2O 
(Moseman-Valtierra et al. 2011). Tidal restriction and restoration appears to have little 
effect on salt marsh N2O fluxes, at least in N-limited systems such as the one studied 
here. 
Regardless of restoration goals, baseline data must be collected before restoration 
occurs if restoration “success” is to be assessed. Individual marsh sites may respond 
differently to apparently similar restoration projects, which complicates management 
decisions by obscuring the expected outcome of management action. Even with baseline 
data, the inherently heterogeneous nature of marshes leads to hot spots and hot moments 
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Chapter 2 - Spartina alterniflora and invasive Phragmites australis stands have 
similar greenhouse gas emissions in a New England marsh 
Hollie E. Emery and Robinson W. Fulweiler 
Abstract 
Salt marshes are critically important for a range of ecosystem services including 
nutrient filtration and carbon sequestration. Despite this, salt marshes are subjected to a 
variety of anthropogenic impacts, many with negative consequences. One impact is the 
introduction and subsequent proliferation of invasive species. An exotic strain of 
Phragmites australis has invaded salt marshes on the U.S. East Coast, affecting 
biodiversity, hydrology, and biogeochemistry. We quantified the difference between P. 
australis and native S. alterniflora in greenhouse gas emissions, net primary productivity, 
and biogeochemical parameters in sediment and porewater. Although we observed 
differences between the species (P. australis had greater biomass, drier and cooler 
sediments, and lower porewater nutrient concentrations), we observed no differences in 
greenhouse gas emissions. Vegetated and unvegetated plots had similar fluxes of methane 
(CH4) and nitrous oxide (N2O), but very different fluxes of carbon dioxide (CO2) from 
photosynthesis. Fluxes of the three gases examined were related to sediment temperature 
and live biomass. In addition, CH4 fluxes were linked to salinity while N2O fluxes were 
linked to photosynthetically active radiation. CO2 fluxes varied as expected over the 
seasons. Rates of CH4 production were generally low and typical of salt marshes, but 
showed a wide variation demonstrating the high spatial heterogeneity of CH4 production. 
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The marsh in this study was not a significant sink or source of N2O, although small fluxes 
of N2O were detected on occasion. This study confirms that salt marshes with relatively 
low nitrogen impacts are not important contributors of N2O to the atmosphere.  
Introduction 
Salt marshes and other coastal wetlands represent a small area globally, but are 
disproportionately important to global biogeochemistry and carbon sequestration 
(McLeod et al. 2011). They are not formally included in terrestrial or oceanic global 
carbon budgets, yet they have the capacity to sequester carbon at a rate equal to major 
terrestrial sinks (McLeod et al. 2011). Unlike other wetlands, salt marshes are generally 
considered net carbon sinks because of their relatively low methane (CH4) emissions 
(Poffenbarger et al. 2011). Despite their importance, salt marshes are negatively impacted 
by a range of human activities including hydrological alteration, eutrophication, and the 
introduction of invasive species. 
One invasive species, Phragmites australis, has proliferated in salt marshes along 
the east coast of the United States (U.S.) due to the introduction of an aggressive 
European haplotype that has replaced native P. australis through much of its U.S. range 
(Saltonstall 2002). Although phenotypically similar, the native P. australis haplotype 
appears to be a low-nutrient specialist (Mozdzer and Zieman 2010, Holdredge et al. 
2010), while the exotic haplotype is able exploit high nitrogen availability by shifting its 
biomass allocation aboveground (Minchinton and Bertness 2003, Ravit et al. 2007). The 
global increase in ecosystem nitrogen input from human activity has given the exotic P. 
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australis haplotype a competitive advantage in U.S. freshwater and brackish wetlands. 
And, because exotic P. australis has a higher salt tolerance than the native (Vasquez et al. 
2005), it can replace salt marsh species such as Spartina alterniflora that would not 
ordinarily have experienced competition from native P. australis (Minchinton and 
Bertness 2003, Ravit et al. 2007).  
P. australis invasion of S. alterniflora marshes has been implicated in reducing 
plant and animal biodiversity, changing the biogeochemistry, productivity, and nutrient 
cycling of the marsh, and altering wetland hydrology (Bart et al. 2006). Yet, the 
ecological impact of this invasive species remains unclear. One review concluded that the 
ecological value of a marsh to animal communities was not altered by P. australis 
invasion (Weis and Weis 2003), but another found that faunal communities were indeed 
impacted, and these impacts could be reversed through restoration (Dibble et al. 2013). 
While much of this debate has focused on the role of P. australis as a producer at the 
base of the food chain, less is known about its role in affecting marsh biogeochemistry, 
and to our knowledge no studies have quantified the effect of P. australis invasion on salt 
marsh greenhouse gas (GHG) emissions in the U.S.  
P. australis invasion of Spartina marshes can alter biogeochemical cycling 
through a variety of mechanisms, and shifts in carbon and nitrogen cycling caused by P. 
australis invasion may include changes in salt marsh GHG emissions. P. australis 
decreases sediment moisture (Windham and Lathrop 1999) through higher 
evapotranspiration because it has greater aboveground biomass (Ravit et al. 2003) and 
because it uses the less water-efficient C3 photosynthesis system while Spartina species 
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use the C4 pathway (Waller and Lewis 1979). In addition, its large size translates into 
greater aboveground carbon and nitrogen storage and altered litter dynamics (Windham 
2001). The structure of P. australis itself may alter GHG emissions compared to S. 
alterniflora. Tall hollow P. australis stems are known to induce pressurized convective 
currents that ventilate the rhizosphere, increasing oxygen and decreasing hydrogen 
sulfide concentrations of the sediment (Armstrong et al. 1992). P. australis can decrease 
salinity (Windham and Lathrop 1999), likely because it possesses a different 
osmoregulatory system than Spartina species (Vasquez et al. 2006). P. australis has also 
been associated with lower porewater concentrations of ammonium (NH4
+) than S. 
alterniflora, especially in areas with lower sulfide (Chambers 1997, Chambers et al. 
1998). Such sediment differences likely affect associated microbial communities, and 
indeed, P. australis is associated with different rhizosphere microbial communities than 
adjacent Spartina communities in both the U.S. (Ravit et al. 2003) and China (Tang et al. 
2011).  
P. australis invasion may affect GHG emissions through multiple mechanisms 
from a variety of biogeochemical changes, some of which may contradict one another. 
Increased rhizosphere oxygenation from pressurized convection and from sediment 
drying can promote carbon dioxide (CO2) production by providing oxygen for aerobic 
respiration and by replenishing alternative electron acceptors such as iron and 
manganese. However, the higher recalcitrance of P. australis litter may slow 
decomposition rates and therefore CO2 production. The increasing availability of 
alternative electron acceptors for more energetically favorable respiratory pathways can 
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also cause competitive inhibition of methanogenesis and therefore a decrease in CH4 
emissions (Laanbroek 2010). However, P. australis may also enhance CH4 emissions 
compared to S. alterniflora because it lowers salinity and provides a conduit for CH4 to 
escape the sediment: nearly all (98%) of the CH4 emissions from a P. australis wetland 
may pass through P. australis stems (Brix et al. 2001). As with CO2 and CH4, nitrous 
oxide (N2O) emissions can be affected by various mechanisms in potentially 
contradictory ways. Rates of nitrification (an aerobic process that can produce N2O and is 
inhibited by hydrogen sulfide) may be increased when sediment ventilation and drying 
from P. australis invasion increase oxygen concentrations and decrease hydrogen sulfide 
concentrations. In addition, the consumption of scavenged N2O by heterotrophic 
denitrification (an anaerobic process) could be decreased, thus increasing net N2O 
emissions via two mechanisms. P. australis may also physically facilitate N2O emissions 
as significant fractions of wetland N2O emissions can occur via plant-mediated transport 
(Jørgensen et al. 2012). However, greater increases in oxygenation could also reduce 
denitrification (which produces N2O), therefore inhibiting net N2O emissions. 
Given the differences in plant structure and sediment biogeochemical parameters 
between P. australis and S. alterniflora we hypothesized that there would be significant 
differences in GHG emissions between the two species. However, given the potentially 
contradictory effects of these factors, we did not know if the GHG emissions would be 
higher or lower in P. australis compared to S. alterniflora. Therefore, a primary 
motivation for this study was to determine the magnitude and direction of these 
differences. To do this, we quantified the impact of P. australis invasion on GHG 
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emissions in a S. alterniflora dominated salt marsh. Our research was motivated by three 
questions: 1) Does P. australis alter GHG emissions in S. alterniflora marshes? 2) Does 
the presence of vegetation facilitate GHG emissions? and 3) What are the important 
environmental drivers of GHG emissions in this marsh, and do they differ between 
species?  
Materials and Methods 
Site description 
This study was conducted at the Rough Meadows Massachusetts Audubon 
Sanctuary (42°44.782’ N, 70°50.966’ W, Figure 2.1) in Rowley, MA between January 
and September 2012. This sanctuary is within the Great Marsh of Plum Island Estuary in 
Massachusetts, the largest salt marsh system in New England. It is typical of northern, 
Spartina-dominated salt marshes, with peaty sediment, a 3 m tidal range, and a high 
marsh platform dominated by Spartina patens, short-form S. alterniflora, and Distichlis 
spicata.  
Greenhouse gas flux measurements 
To compare P. australis and S. alterniflora GHG emissions, we measured CO2, 
CH4, and N2O fluxes on eight occasions between January and September 2012 using 
closed static chambers. We made measurements in representative stands of vegetation 
along the upland edge of the marsh, within about 10 m of trees (Figure 2.1). At least 36 
hours before we made GHG measurements, we drove stainless steel collars (20 cm 
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diameter, 5 cm deep) into the sediment until a rubber flange epoxied to the top was flush 
with the ground. Collar locations were haphazardly chosen within representative stands. 
The same location within a stand was never sampled twice (this was necessitated by 
destructive biomass sampling). Due to the size of our chambers, P. australis sampling 
locations did not include the very tallest stems, although we did include individuals up to 
2.9 m in height.  
Due to logistical constrains, GHG flux measurements at our first sampling 
occurred over two non-consecutive days (January 30 and February 1), but for subsequent 
sampling trips all GHG flux measurements were made in one day. In January/February,  
 
Figure 2.1 Sampling location map. 
The locations of the stands of S. alterniflora and P. australis sampled in this study are 
indicated with black and white dots, respectively. Each stand was sampled in one or more 
months. The land cover type is indicated by fill color. Inset map shows the location of the 
site north of Boston, Massachusetts, U.S.A. Land cover data courtesy of the 
Massachusetts Department of Environmental Protection Wetlands Conservancy Program 











on naturally unvegetated sediments near a S. alterniflora stand. From March through 
September, we made monthly triplicate measurements on vegetated and unvegetated 
sediments in stands of both species. Unvegetated sediments were devoid of aboveground 
biomass, allowing us to measure respiration without photosynthesis, and to observe 
differences in N2O and CH4 fluxes due to plant-mediated gas transport through 
aboveground biomass. Unvegetated sediments were otherwise similar, and were as close 
as 1 m away from vegetated measurements. The low density of plants in the study marsh 
allowed us to place gas flux collars between plants to make unvegetated measurements 
inside plant stands. 
At the time of measurement, we placed a Plexiglas cylinder (20 cm in diameter, 
45 to 290 cm in height depending on vegetation) on the collar flange. The cylinders were 
closed at the other end with a plexiglass or Pyrex cap. Seals between chamber 
components (collar, cylinder, and cap) were made airtight with petroleum jelly (January – 
May) or closed cell foam gaskets (June – September). Battery powered fans mixed the air 
during measurements. Immediately after sealing the chamber, and at 4 additional time 
points over 25-60 minutes, we took duplicate 25 mL gas samples by inserting a 60 mL 
plastic syringe with a stopcock through a rubber septum installed in the side of the 
cylinder. We immediately injected the 25 mL gas samples into 12 mL Exetainer vials 
(Labco, UK) that had been flushed with ultra-high purity Helium (UHP He) then 
evacuated, creating positive pressure inside the vials.  
We determined GHG concentrations in gas samples within 30 days with a GC-
2014 gas chromatograph (Shimadzu, Japan) equipped with a flame ionization detector 
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(FID) for CH4 and CO2 (as CH4), and an electron capture detector (ECD) for N2O. We 
used Hayesep Q and N columns with N2 as the carrier gas at a flow rate of 25 mL/min 
and p5 (5% CH4/95% Ar) as the ECD make-up gas with a flow rate of 2.5 mL/min. CO2 
was converted to CH4 with a Ni catalyst methanizer. We determined GHG concentrations 
by comparison to a standard curve. Standards were mixed by diluting an externally mixed 
standard (Airgas, Billerica MA) of 1500 ppm CO2, 2000 ppb CH4, and 1000 ppb N2O in 
N2 with UHP He in 5:0, 4:1, 3:2, 2:3, 1:4, and 0:5 ratios. In January/February and March 
we mixed the standards in 5 mL gas tight syringes on the morning of gas 
chromatographic measurement, and immediately injected them into the instrument. We 
injected leftover UHP He-flushed and evacuated Exetainers with pure externally-mixed 
standard at the end of each field sampling day to calculate an Exetainer correction. For 
the remaining sampling trips (April-September) we mixed standards in 25 mL syringes at 
the end of each field day and stored them into UHP He-flushed and evacuated Exetainers, 
eliminating the need for a correction. Standard curves all had R2 ≥ 0.99 on 5 or 6 points. 
We determined GHG fluxes from the change in concentration of CO2, CH4 or 
N2O over time, accounting for chamber volume, average atmospheric pressure and 
chamber temperature during the flux, and chamber footprint. Fluxes were calculated if 
the change in concentration was within detection limits (determined by regression 
significance), otherwise they were assigned the value of 0. In some cases, CO2 
concentrations within a chamber would become depleted, causing the flux to be non-
linear. In these instances, we calculated the flux based on the initial 3-4 linear time 
points, excluding any points where the concentration dropped below 200 ppm. In two 
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instances, CO2 flux values were discarded because flux measurements were begun when 
CO2 concentrations inside the chamber were too far from ambient (157 and 1550 ppm, 
respectively).  
Temperature and light conditions 
When each duplicate gas sample was drawn, we recorded the temperature inside 
the chamber, the atmospheric pressure, and ambient photosynthetically active radiation 
(PAR). Chamber temperature and atmospheric pressure were used for flux calculations 
and were measured with digital thermometers and a Hach HQd dissolved oxygen probe 
(Hach Instruments, Loveland CO), respectively. PAR was measured with a Li-Cor LI-
190 Quantum Sensor (Li-Cor Biosciences, Lincoln, NE). PAR was measured within a 
few meters of the chambers, but above the plant canopy, to represent the maximum 
conditions experienced by the photosynthesizing leaves. We measured sediment 
temperature at 10 cm one or more times in the sediment near the chamber during flux 
measurement (January – June), or once in the flux footprint immediately after flux 
measurement (July – September). To compare our chamber temperatures to outside air 
temperatures, we obtained daily maximum temperatures from the National Weather 
Service station in Boston, MA. Daily maximum temperatures were used instead of daily 
means because our measurements were made during the warmest hours of the day. 
Biomass measurements 
To compare the productivity and carbon sequestration capacity of P. australis and 
S. alterniflora, we made bottom-up estimates of net primary production (NPP). After flux 
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measurements, we clipped all aboveground biomass from inside each chamber just above 
ground level. We separated aboveground biomass into live and dead stems, and dried 
each fraction to constant mass at 75 °C. After aboveground biomass harvest, we took a 5 
cm diameter x 30 cm deep sediment core from the center of the flux footprint for 
belowground biomass. We wet sieved these cores in the lab, where we separated live 
roots, live rhizomes and the peat (dead, partially decomposed plant biomass) from 
inorganic sediments, and dried the root, rhizome, and peat fractions to constant mass at 
75 °C. We collected biomass samples on the day of flux sampling or 1-2 days later, with 
the exception of the March sampling, which occurred 10 days later. We estimated annual 
NPP for each species by summing above- and belowground biomass from vegetated plots 
(n = 3) in September (Malone 1968).  
Sediments and porewater 
In addition to biomass cores, we took 2.5 cm diameter x 12 cm deep cores from 
each flux footprint to measure the percent by weight of water, organic material, and 
elemental carbon (C) and nitrogen (N) in the sediment. Cores were homogenized before 
these analyses. Water content was determined by mass loss after drying to constant mass 
at 75 °C. Organic content was determined by loss on ignition (LOI) of dry weight after 
combusting samples at 600 °C for 6 hours. C and N contents of July sediments were 
determined with a Fisons NA1500 elemental analyzer. 
Two days before flux measurements we installed porewater collectors near each 
collar. Porewater collection tubes were constructed of ¾ inch PVC pipe, capped at the 
bottom and shielded from rain at the top, with 24 2.5 mm holes evenly spaced 0 – 20 cm 
 58 
below the sediment surface. On the day of flux measurements, we extracted the 
porewater from the collectors through acid-rinsed tygon tubing connected to an acid 
rinsed 60 mL syringe. We filtered up to 30 mL of porewater with nitrocellulose filters for 
dissolved silicate (DSi) analysis and up to an additional 30 mL with glass fiber filters 
(Whatman GF/F) for dissolved inorganic nitrogen (DIN) and phosphorus (DIP) analyses. 
Both sample types were filtered directly into acid-rinsed sample bottles in the field. DSi 
samples were kept in the dark under refrigeration until analysis, and DIN and DIP 
samples were immediately frozen until analysis. Dissolved nutrients were analyzed with 
the Seal Autoanalyzer 3 (Seal Analytical, Inc, Mequon, WI) using standard methods 
(Strickland and Parsons 1977, Grasshoff et al. 1983). We attempted to collect duplicate 
porewater samples for inorganic nutrient analysis, but this was not always possible, 
especially in the warmer months when sediments were dry. The available samples were 
skewed to S. alterniflora and to the cooler months. As a result, we only analyzed data 
from the three months in which samples from all replicates of both species in both 
vegetated categories were available: March, May and June.  
We collected porewater for salinity measurements with a Hach HQd conductivity 
probe (Hach, Loveland CO). In July, August, and September porewater was not available 
from some collectors, in which case we obtained porewater samples for salinity by 
squeezing or centrifuging water from the belowground biomass cores prior to wet 
sieving. In July the volume of extracted porewater was too low to use a conductivity 
probe so a refractometer was used. 
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Statistical analysis 
All statistical analysis was done in JMP Pro 10.0, and significance was judged 
with an alpha of 0.05. To test for differences in gas fluxes, biomass, porewater 
parameters and sediment characteristics between species, vegetation presence/absence, 
and over time, we conducted factorial analyses of variance (ANOVA). With the 
exception of aboveground biomass data, ANOVAs were conducted on data from March-
September only because we did not sample the unvegetated/P. australis combination of 
factors on our first trip. With most parameters, we conducted three-way ANOVAs with 
two levels of species (S. alterniflora or P. australis), two levels of vegetation (present or 
absent), and seven month levels (March-September). For live and dead aboveground 
biomass, we conducted a two-way ANOVA on vegetated measurements only with 
species and month as the main effects; because we tested vegetated measurements only 
we were able to use all months January-September. Since %C and %N data were only 
available from July, and complete porewater nutrient data were only available for three 
spring months, we performed 2-way ANOVAs with species and vegetation as the main 
effects, pooling months for porewater nutrients. Significant ANOVA effects were 
followed by post hoc means comparisons with Tukey’s test for Honestly Significant 
Differences (HSD). To explore potential drivers of GHG fluxes, we conducted a stepwise 
multiple regression on monthly averages of the four species/vegetation combinations. We 
used the minimum Akaike’s Information Criteria (AIC) to select the best fitting model. 
We included PAR, porewater salinity, sediment and chamber temperatures, live and 
standing dead aboveground biomass, live roots and rhizomes, peat content, sediment 
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moisture, and LOI as potential predictors. We were unable to include porewater nutrient 
variables due to missing data. To meet the assumptions of normality for parametric 
statistics, CH4 flux, aboveground live and dead biomass, live roots and rhizomes, and 
porewater ammonia, nitrite, and phosphate data were log-transformed or log(x+constant)-
transformed prior to ANOVA and regression analyses. To facilitate comparison of 
regression model parameters, we calculated standardized parameter estimates. 
Results  
Site conditions and chamber effects 
Sediment and air temperature, sediment moisture, and porewater salinity all 
varied seasonally as expected (Figure 2.2, Table 2.1). PAR, peat content, and LOI of the 
sediment did not vary seasonally (models not significant, Table 2.1). PAR near the 
chambers was similar for both species (model not significant, Table 2.1) and was 
generally low, which helped keep the temperatures inside the transparent static chambers 
similar for both species and within 5 °C of weather station daily maximums in all months 
except April (Figure 2.2a-b). In April, chamber temperatures were 11 and 6 °C in excess 
of the daily maximum for S. alterniflora and P. australis, respectively, but the difference 
between the species was not significant (species main effect, Table 2.1).  
Static chambers alter wind, temperature, and humidity conditions. They can 
therefore alter the greenhouse gas emissions they are designed to measure by blocking 
Venturii ventilation and lowering photosynthetically driven plant-mediated gas transport 
(Armstrong et al. 1992, Brix et al. 1996). However, static chamber methods are necessary 
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to make comparisons between species at the scale of this study. The light and temperature 
findings indicate that the effects of the static chambers were similar for both species, and 
minimal in all except one month (April, see above). Our analyses assume that similar 
chamber conditions impacted both species equally, which may not have been the case 
given their different physiologies. Our results should be interpreted in light of this 
assumption. 
Biomass, sediment, and porewater 
By definition, aboveground biomass was absent in unvegetated areas but present 
in vegetated ones. Belowground, there were nearly 30% more roots and more than two 
times the rhizomes in vegetated areas compared to unvegetated ones (Figure 2.3). Both of 
these differences are statistically significant (vegetation main effect, Table 2.1). 
Compared to S. alterniflora, P. australis had more than double the live and dead average 
aboveground biomass in vegetated areas. Standing dead aboveground biomass 
(representing productivity from the previous year) was highest in the winter months, and 
declined through the growing season for both species (Figure 2.3a-b). Live aboveground 
biomass was similar for both species until June when P. australis overtook S. 
alterniflora. Live roots and rhizomes followed a similar seasonal pattern to live 
aboveground biomass. There were somewhat more rhizomes in P. australis areas than S. 
alterniflora ones but the difference was not significant (species main effect, Table 2.1), 
and quantities of roots were similar for both species (Figure 2.3). Although P. australis 
had significantly greater average aboveground biomass (species main effect, Table 2.1), 
and NPP was somewhat higher for P. australis [3493 ± 834 vs. 1990 ± 734 g m-2 (mean ± 
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SE)], this greater NPP was not significantly higher (t = 0.98, p = 0.18, n = 3). This 
suggests a lower root:shoot ratio for P. australis, and in fact the invasive species had a 
lower June-September average root:shoot ratio than S. alterniflora [1.85 ± 0.52 vs. 3.90 ± 
0.88 (mean ± SE), t = 2.01, p = 0.03, n = 12].  
 
Table 2.1 ANOVA results for environmental variables 
Significance (p-values) of main and interactive ANOVA effects of species, vegetation, 
and month on study parameters. PAR is photosynthetically active radiation, LOI is loss 
on ignition, and AGB is aboveground biomass. Species, vegetation, and month effects are 
abbreviated S, V, and M respectively. Bold p-values are significant, italic p-values are 












S 0.93 0.87 <0.0001 0.0017 0.20 0.11 
V 0.46 0.47 0.87 0.83 0.14 0.72 
M 0.0037 <0.0001 <0.0001 0.0052 <0.0001 0.0202 
S × V 0.47 0.68 0.82 0.82 0.82 0.86 
S × M 0.63 0.70 <0.0001 0.18 0.33 0.0135 
V × M 0.89 1.00 0.98 0.73 0.85 0.82 
S × V × M 0.95 0.99 1.00 0.58 0.99 1.00 
Model F 1.24 5.91 42.14 1.81 2.99 1.50 
Model p 0.28 <0.0001 <0.0001 0.0311 0.0003 0.099 
 
Effect LOI %C %N Live root Live rhizome Live AGB Dead AGB 
S 0.29 0.96 0.91 0.76 0.086 <0.0001 0.0009 
V 0.96 0.78 0.07 0.0427 <0.0001   
M 0.0098   <0.0001 <0.0001 <0.0001 <0.0001 
S × V 0.42 0.53 0.53 0.056 0.14   
S × M 0.10   0.56 0.18 0.0016 0.0210 
V × M 0.76   0.25 0.47   
S × V × M 0.76   0.10 0.16   
Model F 1.43 0.17 1.57 5.07 4.16 157.09 7.70 
Model p 0.13 0.91 0.27 <0.0001 <0.0001 <0.0001 <0.0001 
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Figure 2.2 Environmental conditions on sampling days. 
Panel a: photosynthetically active radiation (PAR) during flux measurements (n varied 
from 2 to 6). Panel b: chamber air (solid lines) and sediment (dotted lines) temperatures 
(n = 6 except in January when n = 5 for S. alterniflora and n = 3 for P. australis), and 
National Weather Service (NWS) daily maximum temperature at Boston, MA (grey 
squares). Panel c: Sediment moisture and porewater salinity (n = 6 except in January 
when n = 5 for S. alterniflora and 3 for P. australis). In all panels, unvegetated and 
vegetated measurements are pooled, but separate species are indicated by filled (S. 
alterniflora) and open (P. australis) circles. Error bars indicate mean ± SE. 
 64 
Table 2.2 Sediment characteristics by species and vegetation 
Characteristics of sediments from vegetated (V) and unvegetated (U) areas in stands of 
each plant species, averaged across March through September (mean ± SE, n = 3). 
 S. alterniflora P. australis 
 V U V U 
Peat (g L-2) 39.1 ± 4.2 36.9 ± 3.4 31.7 ± 5.3 31.0 ± 4.6 
LOI (g%) 55.4 ± 3.0 57.4 ± 2.1 54.8 ± 2.1 53.0 ± 2.7 
C (g%) 29.0 ± 2.4 28.2 ± 2.4 27.5 ± 2.5 29.6 ± 1.3 






Figure 2.3 Biomass in each of the eight month of the study. 
Error bars indicate mean ± standard error (n = 3). Live above and belowground biomass 
quantities are indicated with bars, and standing dead biomass is indicated with connected 
dots. Belowground biomass bars are not stacked; all values are relative to zero. Panel a: 
vegetated S. alterniflora plots, b: vegetated P. australis plots, c: unvegetated S. 
alterniflora plots, d: unvegetated P. australis plots. 
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Table 2.3 Porewater nutrient concentration by species and vegetation 
Dissolved nutrient concentrations (µmol L-1) in porewater from vegetated (V) and 
unvegetated (U) areas of stands of each plant species, averaged across March, May, and 
June (mean ± SE). Values that share a lower case letter are not significantly different. 
 S. alterniflora P. australis 
 V U V U 
NH4+ 73.8 ± 17.4a 107.9 ± 25.3a 28.7 ± 5.9b 58.3 ± 16.9b 
NO2- 1.01 ± 0.31 1.18 ± 0.30 0.57 ± 0.10 2.14 ± 1.62 
DIP 15.8 ± 4.1a 22.7 ± 5.7a 6.0 ± 2.3b 10.6 ± 3.9b 
DSi 112 ± 25 103 ± 19 98 ± 13 104 ±16 
 
Sediments in stands of P. australis were significantly cooler and drier than those 
of S. alterniflora but had similar peat content, organic content, C%, and N% (Figure 
2.2b-c, species main effect Table 2.1, Table 2.2). Notably, there was no significant 
difference in porewater salinity between species (Figure 2.2d, species main effect Table 
2.1). High salinities above 28‰ were observed in stands of both species, but the annual 
mean was only 12.6‰ for P. australis and 14.0‰ for S. alterniflora, both well within the 
range of survival for P. australis (Lissner and Schierup 1997). We observed NH4
+ and 
phosphate (DIP) concentrations that were lower for P. australis than for S. alterniflora 
(Table 2.3). Previous studies in Delaware have found NH4
+ concentrations to be lower in 
P. australis porewater than S. alterniflora porewater (Chambers 1997, Chambers et al. 
1998), and our findings confirm this trend. In contrast to our findings, porewater DIP 
concentrations in the Delaware marsh were similar between the species (Chambers 1997). 
We did not detect any significant differences in the sediment conditions (Table 2.2), 
porewater salinity, incoming PAR, or temperature between vegetated and unvegetated 
areas (vegetation main effects, Table 2.1). NH4
+ concentrations were somewhat greater in 
unvegetated sediment porewater for both species, but this difference was not statistically 
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significant (Table 2.3).  
Greenhouse gas fluxes 
CO2 fluxes were similar for both species, but did differ between vegetated areas 
and unvegetated areas, and over the course of the year (Table 2.4). More than a quarter 
(28%) of the measured fluxes were zero or below detection limits. In unvegetated 
sediment areas, where photosynthesis is absent by design, CO2 fluxes were always 
positive, representing net emissions of CO2 (Figure 2.4d). CO2 fluxes from vegetated 
areas were zero or positive and similar to unvegetated areas in the winter and spring, but 
once live vegetation became substantial enough for photosynthesis to offset respiration 
rates, CO2 fluxes became negative (Figure 2.4a). CO2 fluxes from unvegetated areas in 
August and September and unvegetated areas in April were significantly greater than the 
flux from vegetated areas in June, July, and September. CO2 uptake by vegetated plots in 
July was significantly greater in magnitude than all but the vegetated measurements in 
June and September (q = 3.51). Through stepwise multiple regression we found that the 
most important drivers of CO2 fluxes were live aboveground biomass and sediment 
temperature, which together explained more than half of the variation in the CO2 flux 
data (adjusted R2 = 0.56, Table 2.5).  
CH4 fluxes were similar for both species and for vegetated and unvegetated areas, 
but fluxes varied by season (Table 2.4). CH4 fluxes varied widely, and were positive as 
well as negative suggesting that methanogenesis and methanotrophy were both present 
(Figure 2.4b,e). More than half of the measured fluxes were zero or below detection 
limits. Emission was detected in all months except March, while mean uptake was only 
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detected in March. The majority (90%) of the CH4 fluxes were between -11 and 54 µmol 
m-2 h-1, and all were below 194 µmol m-2 h-1 but one. We observed a single flux 
measurement far outside this range: one vegetated S. alterniflora measurement in May 
that had a net CH4 emission rate of 18,006 µmol m
-2 h-1. As a result, the vegetated S. 
alterniflora flux of CH4 was greater than all other species-vegetation types in March, 
vegetated P. australis in April, unvegetated S. alterniflora in May, unvegetated P. 
australis in June and July, and both vegetated and unvegetated P. australis sediments in 
September (q = 3.91). Through multiple regression, we found that sediment temperature, 
salinity, and live aboveground biomass were the most important predictors of CH4 flux in 
this study. Together these factors explain 37% of the variation in CH4 emissions (Table 
2.5). 
 
Table 2.4 ANOVA results for greenhouse gas fluxes 
Significance (p-values) of main and interactive ANOVA effects of species, vegetation, 
and month on the emissions of the three greenhouse gases CO2, CH4, and N2O. Species, 
vegetation, and month effects are abbreviated S, V, and M respectively. Bold p-values are 
significant. 
Effect CO2 CH4 N2O 
S 0.78 0.16 0.73 
V <0.0001 0.81 0.27 
M 0.0015 0.0068 0.30 
S × V 0.51 0.56 0.34 
× M 0.63 0.23 0.39 
V × M <0.0001 0.14 0.57 
S × V × M 0.98 0.0330 0.99 




Figure 2.4 Greenhouse gas fluxes in each month. 
Error bars indicate means ± standard error (n = 3). Panels a-c show data from vegetated 
plots, panels d-f show unvegetated plots. Panels a and d: CO2 fluxes, panels b and e: CH4 
fluxes, panels c and f: N2O fluxes. Separate species are indicated by filled (S. 








Table 2.5 Regression results 
Details of the best-fitting multiple regression models as determined by stepwise 
regression. 








CO2 *Live AGB -3.97 -0.83 <0.0001 0.56 19.83 <0.0001 
 Sediment 
temperature 
0.49 0.23 0.102    
        
*CH4 Sediment 
temperature 
0.15 0.69 0.0011 0.37 6.79 0.0015 
 Salinity -0.19 -0.65 0.0019    
 *Live AGB 0.13 0.27 0.109    
        
N2O Sediment 
temperature 
29.4 0.97 <0.0001 0.48 10.04 0.0001 
 PAR -0.23 -0.46 0.0038    
 *Live roots -379.9 -0.52 0.0125    
* Data were log-transformed prior to model fitting. 
 
N2O fluxes ranged from -1139 to +1572 nmol m
-2 h-1, but 82% of all flux 
measurements were zero or below detection limits. The median flux was 0 and the mean 
was near zero at 30 nmol m-2 h-1. We did not observe any significant differences in N2O 
fluxes between species, vegetation types, or months (Table 2.4). However, some seasonal 
variation is apparent (Figure 2.4c,f), and the significance of sediment temperature in the 
multiple regression analysis (Table 2.5) suggests that some seasonal variations should be 
expected. If the year is split into two halves (January-May, June-September), a t-test 
reveals that the second, warmer half of the year has significantly higher N2O emissions (t 
= 2.15, p = 0.017, df = 91). Indeed, on average the warmer summer months had a small 
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net positive emission rate of 103 ± 58 nmol m-2 h-1, while the cooler winter and spring 
months had a small net uptake of -49 ± 39 nmol m-2 h-1 (means ± standard error). The 
results of the multiple regression analysis show that N2O flux rate is driven by sediment 
temperature, PAR, and live roots (Table 2.5). Together these predictors explained almost 
half (48%) of the variation in N2O fluxes.  
Discussion 
Differences between P. australis and S. alterniflora 
While we did observe some differences in biomass, porewater, and sediment 
properties between stands of native S. alterniflora and invasive P. australis in a New 
England marsh, these two species do not differ in the net fluxes of three globally 
important GHGs: CO2, CH4, and N2O. This is contrary to our original hypothesis that 
known biogeochemical changes would be accompanied by GHG emission changes. It is 
also contrary to findings in China, where S. alterniflora and P. australis have been 
compared under the opposite invader/native context and S. alterniflora has been 
associated with higher CH4 emissions.  
In general, sediments in stands of P. australis were somewhat cooler and drier 
than those of S. alterniflora. Greater evapotranspiration associated with the larger size 
and less efficient C3 photosynthesis of P. australis could play a role in cooling and 
drying sediments. However, we observed species differences in moisture and temperature 
even in the winter months when plants are dormant and unable to produce this effect 
(Figure 2.2b-c). Since the ephemeral effects of differing evapotranspiration rates can be 
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discounted, the differences in temperature and moisture that we observed were likely 
caused either by P. australis preferentially colonizing cooler and drier ground, or to 
substantive sediment changes caused by P. australis (Windham and Lathrop 1999) that 
persist year round. 
The lower sediment temperatures in stands of P. australis may also be due to its 
greater aboveground biomass (Figure 2.3a-b); as there was less biomass in S. alterniflora 
areas, a greater proportion of incoming solar radiation was able to reach the ground 
instead of being intercepted by vegetation. The difference in sediment temperature was 
strongest in the early spring months, when a difference in shading would be mostly due to 
standing dead biomass. Since standing dead P. australis biomass is much more erect than 
S. alterniflora, it is likely that it would provide more shade. These results suggest that 
species-specific differences in standing dead and live biomass can alter the temperature 
of their local environment. Such a temperature change from shading may be an important 
mechanism driving biogeochemical cycling changes during species invasion. 
Typically P. australis is associated with lower salinity areas because it has a 
lower salt tolerance than S. alterniflora and therefore colonizes fresher areas (Lissner and 
Schierup 1997), or in other cases because the different physiologies of the two species 
effect salinity in opposite ways (Windham and Lathrop 1999). Since the average 
salinities were low enough everywhere in this study for P. australis to colonize or at least 
survive, and did not differ between species, salinity was likely not an important limiting 
factor in the extent of its colonization. In addition, this indicates that the influence of 
salinity on biogeochemistry was similar for both species.  
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P. australis had more live and dead aboveground biomass on average than S. 
alterniflora, but belowground biomass was similar for both species (Figure 2.3), and 
sediment had similar carbon contents (Table 2.2). This suggests that carbon storage was 
similar for both species, but we did not measure rates of sediment accumulation or litter 
decomposition, or the relative lability of the litter, so we can only speculate on net 
ecosystem carbon storage. A full assessment of the difference in carbon sequestration 
would require an accounting of more carbon cycling processes including herbivory, litter 
recalcitrance, and sedimentation rates, which were beyond the scope of this study. 
Vegetated vs. unvegetated areas 
Except for the effects of photosynthesis on CO2 fluxes, we did not observe 
differences in biogeochemical parameters or GHG fluxes between vegetated and 
unvegetated areas. Although live belowground biomass was greater in vegetated areas, 
the similarity of biogeochemical parameters was likely due to the proximity of plants to 
the unvegetated areas. Since the presence or absence of plants in the flux measurements 
did not affect CH4 or N2O fluxes, but fluxes were correlated to biomass parameters, we 
conclude that plants affected emissions of the GHGs by altering the soil rather than by 
plant-mediated gas transport. 
Since temperature, moisture, and salinity were not different between vegetated 
and unvegetated sediments, it is likely that the plant roots in unvegetated areas, though 
fewer, were sufficient to draw down a similar amount of water. However, root density 
may still be an important driver of sediment biogeochemistry as the relatively modest 
30% difference between vegetated and unvegetated plots may have been insufficient to 
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cause detectable biogeochemical differences in our data. The large difference in rhizomes 
did not cause a difference in sediment biogeochemical parameters, as rhizomes are 
structural components that are less likely to cause sediment and porewater differences 
than gas permeable roots that actively interact with sediments by extracting moisture and 
nutrients and exuding organic compounds.   
Environmental drivers of greenhouse gas fluxes 
In the multiple regression, live aboveground biomass was negatively correlated to 
CO2 flux (i.e. the flux was more negative representing a greater uptake when biomass 
was high), and positively correlated to sediment temperature (Table 2.5). Live 
aboveground biomass was the more important predictor of the two, and was highly 
significant (p < 0.0001), but sediment temperature, which is well correlated to soil 
respiration (Lloyd and Taylor 1994) improved the overall model. The multiple regression 
appears to pick up on one predictor that is key for vegetated areas (biomass), and another 
that is key for unvegetated areas (temperature). Although we expected that CO2 uptake 
would sometimes be light limited because PAR was low during our measurements, PAR 
was not an important predictor in the model. 
Since we observed higher temperatures in S. alterniflora sediments, we might 
expect to see higher rates of CO2 emissions from sediment respiration in these stands. 
However, since S. alterniflora sediments were also wetter they may have been more 
subject to anoxia causing lower respiration rates. Therefore, the differences in 
temperature and moisture that we observed between sediments in stands of the two 
species may have counteracted one another with respect to respiration, resulting in the 
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similar net emissions rates we observed. Alternatively, although the species differences 
we observed in moisture and temperature were statistically significant, they may not have 
been large enough to cause a detectable change in respiration rates.  
In unvegetated areas the greatest CO2 emissions occurred in late summer (Figure 
2.4d), coinciding with the warmest temperatures (Figure 2.2b) and driest sediments 
(Figure 2.2c). On the other hand, net CO2 uptake in vegetated areas was strongest during 
the period of rapid vegetative growth in the early summer months of June and July, but 
declined substantially in August and September (Figure 2.4a). This was most likely 
because the peak in ecosystem respiration at this time (Figure 2.4d) was offsetting a 
greater amount of photosynthetic uptake, while photosynthetic uptake had itself slowed 
as senescence approached. In addition, PAR conditions were unusually low during 
August measurements, further limiting uptake for P. australis in particular, so it is not 
surprising that the vegetated P. australis CO2 flux was similar to that in the unvegetated 
plots (Figure 2.4a,d).  
In the multiple regression, CH4 emissions were correlated with sediment 
temperature, porewater salinity, and biomass (Table 2.5). As with soil respiration, 
methanogenesis increases when warmer temperatures accelerate microbial metabolism 
leading to higher fluxes. While methanotroph metabolism might also be expected to 
accelerate, it appears that the increase in production outstrips the increase in consumption 
in this marsh. Porewater salinity was negatively correlated with CH4 flux. The salinity 
relationship confirms previous findings that CH4 flux is much higher in freshwater 
marshes than in brackish or salt water marshes, presumably due to lower sulfate 
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concentrations (Poffenbarger et al. 2011).  
CH4 emissions were positively correlated with greater biomass, a relationship that 
has been observed and attributed to plant mediated transport and the stimulation of 
methanogenesis by root exudation (Cheng et al. 2007). We observed similar CH4 fluxes 
from unvegetated and vegetated sediment, suggesting that plant mediated transport was 
not important in this system, or did not occur during our measurements. It is possible that 
we did not observe plant-mediated transport because our closed-chamber methods may 
alter the drivers of convective processes in P. australis. This could occur because 
chambers block the wind and therefore Venturii-induced convection, or because the 
chambers alter humidity and temperature, and therefore Knudsen diffusion and 
photosynthetic rates (Armstrong et al. 1992, Brix et al. 1996). Since we did observe a 
relationship between biomass and CH4 emissions in the regression without a significant 
difference between vegetated and unvegetated areas, plant effects such as root exudation 
may drive some of the differences in CH4 flux rates among vegetated areas. 
With the exception of a single very high value of 18,006 µmol m-2 h-1, the rates of 
CH4 production we observed were low and typical of salt marshes (Poffenbarger et al. 
2011). The single exceptional value demonstrates the extreme spatial heterogeneity of 
CH4 production: only 1 m away and within minutes of this measurement, we recorded a 
flux of only 55 µmol m-2 h-1 on unvegetated sediment.  
In the multiple regression analysis, sediment temperature was the most important 
predictor by far and was positively correlated to N2O flux (Table 2.5). This supports the 
observation that microbial metabolism is accelerated by warmer temperatures. PAR and 
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live roots were both negatively correlated with N2O flux, and were important predictors 
of variability not accounted for by sediment temperature (Table 2.5). One explanation for 
this observed relationship is that during active photosynthesis driven by high levels of 
PAR, live plant roots oxygenate the rhizosphere. Rhizosphere oxygenation relieves the 
hypoxia stress that causes nitrifiers to produce high levels of N2O as a byproduct (Wrage 
et al. 2001), thus decreasing ecosystem N2O efflux. In addition, abundant live roots 
support heterotrophic denitrification by exuding organic carbon compounds. This 
abundant carbon source allows denitrifiers to rapidly reduce the products of nitrification, 
including N2O, further decreasing ecosystem N2O efflux and potentially leading to net 
N2O uptake. This reflects the tight coupling of nitrification and denitrification driven by 
plant roots that can be found in low-nutrient salt marshes (Koop-Jakobsen and Giblin 
2010). Recent work in a freshwater wetland has also demonstrated the importance of P. 
australis rhizosphere oxygenation to N2O flux rates (Yang et al. 2012). 
Salt marshes are important sinks of nitrogen in coastal areas because they support 
favorable conditions for nitrogen cycling processes. Since nitrifying and denitrifying 
bacteria and archaea can produce N2O during these processes, salt marshes have been 
cited as potential sources of N2O to the atmosphere. However many marshes are in fact 
small sinks of N2O because denitrifiers can consume N2O when nitrate is limiting. When 
marshes are subject to N-loading and the availability of the energetically more favorable 
nitrate increases, they can switch from net sinks to net sources of N2O (Moseman-
Valtierra et al. 2011).  
The marsh in this study is not a significant sink or source of N2O, although small 
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fluxes of N2O were detected. This relatively well-protected marsh area has low N-loading 
and is nitrate-limited (Koop-Jakobsen and Giblin 2010), therefore little N2O escapes the 
final step of denitrification, and N2O produced by other pathways such as nitrification is 
consumed by scavenging denitrifiers. The low N2O fluxes we observed are similar to 
those observed by others in the same marsh system (Moseman-Valtierra et al. 2011). 
These results are also within the range measured at marshes in Canada (Chmura and 
Kellman 2011). This study confirms that salt marshes with relatively low nitrogen 
impacts are not important contributors of N2O to the atmosphere. 
Invasion context 
To our knowledge this is the first study to directly compare S. alterniflora and P. 
australis GHG emissions in the U.S. Although these species have been directly compared 
in China in mesocosms (Cheng et al. 2007) and the field (Tong et al. 2012), the roles of 
invasive and native are reversed in that region. In China, a change in methanogen 
community structure and CH4 production potential have accompanied S. alterniflora 
invasion (Yuan et al. 2014), leading to an increase in CH4 emissions (Tong et al. 2012). 
However, we did not observe a difference in CH4 emissions between stands of native S. 
alterniflora and invasive P. australis in a New England marsh. The results of Chinese 
studies may not be representative of U.S. salt marshes if the P. australis strain is not the 
same European haplotype currently threatening the U.S. East Coast, or if the different 
communities of herbivores, microbes, and competitors in the two regions place different 
pressures on one species or the other. 
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Management implications 
Although P. australis invasion can have negative consequences for faunal 
communities (Dibble et al. 2013), many studies indicate that P. australis marshes are 
ecologically valuable habitats that provide equal or greater value to estuarine food webs 
(reviewed in Weis and Weis, 2003), have comparable nitrogen cycling dynamics 
(Windham-Myers 2005), and potentially greater productivity (Windham 2001). Since P. 
australis removal projects can be very expensive and of questionable success (Martin and 
Blossey 2013), managers that undertake removal projects and other types of restoration 
need to clarify their goals and standards for success. P. australis restoration projects can 
be successful in restoring faunal communities over relatively short time scales (Dibble et 
al. 2013). But in the context of global climate change mitigation, determining the benefits 
of management strategies may be more complex. P. australis, at least in this study, was 
not associated with higher or lower GHG emission rate. Additionally, others have found 
that P. australis may in fact increase rates of carbon storage (Windham and Lathrop 
1999) and the ability of a marsh to keep up with sea level rise by increasing accretion 
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Chapter 3 - Salt marsh greenhouse gas fluxes and microbial communities are not 
sensitive to precipitation change 
Hollie E. Emery, John H. Angell, Robinson W. Fulweiler 
Abstract 
Changing precipitation patterns are predicted to alter ecosystem structure and 
function with potential carbon cycle feedbacks to climate change. Influenced by both 
land and sea, salt marshes are unique ecosystems. Salt marsh productivity and respiration 
responses to precipitation change differ from those observed in terrestrial ecosystems. To 
date however, how salt marsh greenhouse gas fluxes and sediment microbial 
communities will respond to climate induced precipitation changes is largely unknown. 
To address this knowledge gap, we conducted two 1-year precipitation manipulation 
experiments in the Spartina patens (high marsh) zone of two salt marshes, and quantified 
ecosystem functions at both and microbial community structure at one. Precipitation 
treatments (doubled rainfall, extreme drought, and seasonal intensification) had a 
significant, although transient, impact on porewater salinity following storms at both 
sites, but most site conditions (porewater pH and nutrient concentrations, sediment 
moisture and temperature) were unaffected. Extreme drought led to a subtle change in 
microbial community structure, and doubled precipitation caused a shift in the plant 
community, but most ecosystem functions (primary productivity, litter decomposition, 
greenhouse gas fluxes) were not affected by precipitation changes. The absence of 
ecosystem function change indicates functional redundancy (under extreme drought) and 
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resistance (under doubled precipitation and seasonal intensification) exist in the microbial 
community. Tidal phase (neap vs spring tide) and marsh sediment type (peaty vs sandy) 
had significant impacts on fluxes of carbon dioxide and methane: respiration and methane 
emissions were higher at the peaty site, and respiration was higher during neap tides. This 
suggests that while marsh ecosystem function is sensitive to moisture, it is not sensitive 
to changes in precipitation. Our findings demonstrate that salt marsh ecosystems can 
maintain function (including ecosystem services like carbon sequestration) under even 
the most extreme precipitation change scenarios, due to resistance, resilience, and 
functional redundancy in the underlying microbial community. 
Introduction 
Salt marshes, along with seagrass meadows and mangrove forests, have some of 
the highest rates of carbon burial of any ecosystem (McLeod et al. 2011). In addition, salt 
marshes are often net sinks of nitrous oxide (N2O), a powerful greenhouse gas (GHG) 
(Moseman-Valtierra et al. 2011), and are smaller sources of methane (CH4) than other 
wetland types (Bartlett et al. 1987, Poffenbarger et al. 2011). The microbial processes 
that mediate carbon burial and produce and consume GHGs in salt marsh sediments may 
be sensitive to the effects of anthropogenic climate change, which constitutes a 
potentially significant feedback to the climate system (Bardgett et al. 2008). The “blue 
carbon” stored in coastal vegetated systems, including salt marshes (McLeod et al. 2011), 
is currently regarded as an important net carbon sink, but the strength of this sink in the 
future is uncertain. 
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Ecosystem carbon cycling processes and fluxes of GHGs may or may not reflect 
the structure and function of the sediment microbial community (Figure 3.1).  The 
responses of biogeochemical processes to climate change will depend on the 
composition, stability, and activity of the underlying microbial community (De Vries and 
Shade 2013), as well as the nature of the climate disturbance (e.g. a short “pulse” like an 
extreme storm or a sustained “press” like increased CO2 concentration) (Shade et al. 
2012). Microbial communities have shown complex responses to environmental change. 
Though some communities are sensitive to climate change disturbances, others resist 
disturbance or are resilient to it (Shade et al. 2012). In addition, microbial community 
composition can change without a corresponding change in ecosystem function as 
microbial communities can exhibit a high degree of functional redundancy (Allison and 
Martiny 2008). Conversely, community composition may appear to be stable despite 
changes in ecosystem function if the activity of individuals or taxa has changed by, for 
example, switching to alternative metabolic pathways or initiating a stress responses such 
as dormancy (De Vries and Shade 2013). The total community (active and dormant) and 
the active community can have different and independent responses to perturbations. In 
systems where rates of microbial dormancy are high, including salt marsh sediments 
(Kearns et al. 2016), the responses of the total microbial community and the potentially 
active community can differ dramatically, and thus both communities require analysis. 
Because GHG flux is the net result of multiple consumption and production processes, 
the ecosystem flux may be further disconnected from microbial community structure and 
function if change in one or more consumption processes is compensated for by a change 
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in production processes. A complete picture of the functional response of salt marshes to 
climate change therefore requires assessment of changes to the total microbial 
community (assessed with DNA) as well as the potentially active microbial community 
 
Figure 3.1 Conceptual diagram showing the possible outcomes for ecosystem 
functions following disturbance to the microbial community. 
In green outcomes (bottom row), ecosystem services are retained, and in red outcomes, 
they are lost. Following disturbance (black box, top) community composition may 
change if disturbance alters the relative abundance of the existing taxa, causes extirpation 
of some taxa, and/or allows establishment of new taxa. If community activity (metabolic 
activity and gene expression across all taxa) does not change, then the community is 
classified as resistant (if there was no change in total community) or functionally 
redundant (if there was a change in total community). If community activity does change, 
but recovers to its original state, the community is classified as resilient. If community 
activity does not recover, the community has undergone a regime shift (if there was a 
change in the total community), or taxa have accommodated to changing conditions (if 
there was no change in total community) with strategies such as dormancy or alternative 
metabolic pathways. In the cases of regime shift and accommodation, ecosystem 
functions that are the net result of multiple processes (e.g. consumption and production of 
CH4) may still be retained if changes in one or more processes are compensated for by 
changes in one or more other processes. 
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(assessed with RNA/cDNA), in addition to ecosystem function (quantified with 
ecosystem-scale biogeochemical flux measurements) (Figure 3.1). In this study, we 
report both the microbial community response and the associated biogeochemical fluxes, 
thereby linking structure and function changes under climate change induced 
precipitation scenarios.  
Globally, total annual precipitation has increased since the 1950s due to 
anthropogenic climate change, and this increase is projected to continue as the climate 
warms (IPCC 2013). On local to regional scales, both increases and decreases in rainfall 
may be observed, and these may or may not be accompanied by increases in the 
frequency or duration of extreme events (e.g. heavy precipitation events and/or droughts) 
(IPCC 2013). Precipitation changes alter microbially-mediated carbon cycling processes 
in terrestrial ecosystems (Wu et al. 2011), but the impacts of such changes on salt 
marshes are largely unknown. Whereas terrestrial ecosystems almost universally respond 
to increased precipitation with increases in both primary productivity and soil respiration 
(Wu et al. 2011), experiments in salt marshes have shown mixed results for both of these 
processes (Charles and Dukes 2009, Watson et al. 2014, Strain et al. 2017). We know less 
about how the timing and frequency of precipitation events will impact salt marsh carbon 
cycling, although this aspect of precipitation change is also important (Knapp et al. 
2008). The distribution of precipitation between seasons impacts coastal wetland carbon 
cycling (Chu et al. 2018), which is consistent with the idea that the timing and frequency 
of precipitation events is likely to be important in water-logged ecosystems (Knapp et al. 
2008).  
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The net fluxes of trace GHGs (CH4 and N2O) in salt marshes are also likely to be 
sensitive to precipitation changes because the microbial processes that produce and 
consume these gases are influenced by moisture level and substrate availability. An 
increase in the frequency or intensity of drought would allow oxygen to penetrate 
waterlogged sediments, disrupting the anoxic environment that normally supports 
methanogenesis and N2O uptake by heterotrophic denitrifiers (Moseman-Valtierra et al. 
2011, Bridgham et al. 2013). Conversely, an increase in storm frequency or intensity may 
compound waterlogging without delivering sulfate substrate to the sulfate reducing 
bacteria that normally outcompete methanogens in salt marshes, thereby increasing CH4 
emissions. A larger hydrological amplitude caused by simultaneously increased storms 
and droughts would intensify the dry-down and rewetting cycle, in turn promoting more 
frequent or larger pulses of N2O (Kim et al. 2012). A larger amplitude would also delay 
CH4 productions after each rewetting by replenishing oxygen and alternative electron 
acceptors such as iron during each dry down, allowing these more energetically favorable 
forms of metabolism to outcompete methanogenesis even after oxygen has been depleted 
again (Bridgham et al. 2013).  
To quantify the effects of precipitation change (increase, decrease, or intensified 
seasonal variation) on salt marsh ecosystem GHG fluxes and microbial communities, we 
established the Precipitation Intensification in Salt Marshes Experiment (PrISME). We 
hypothesized that aerobic processes (litter decomposition, soil respiration, CH4 
consumption, N2O production via nitrification) and primary productivity would increase 
under drought, anaerobic processes (CH4 production, N2O consumption via 
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denitrification) would increase with increased rainfall, and seasonal intensification would 
lead to lower net CH4 production and higher net N2O production as a greater volume of 
soil experienced rewetting. We likewise hypothesized that potentially active microbial 
community structure would shift, reflecting increased growth by aerobic and anaerobic 
taxa under drought and increased rainfall conditions, respectively. We hypothesized that 
the potentially active community structure in the intensification treatment would shift 
towards generalist taxa due to greater variability in sediment conditions. We 
hypothesized that the plant and the total microbial communities would remain unchanged 
by a single year of precipitation change. To test these hypotheses, and to explore how 
precipitation changes interact with ecosystem heterogeneity in salt marshes, we measured 
GHG fluxes and carbon cycling processes in two salt marshes and microbial community 
structure on one of them. 
Methods 
PrISME design  
We established 15 experimental 1.5 m x 1.5 m plots, arranged in randomized blocks of 5 
plots (n = 3) in the high marsh (Spartina patens zone) of a sandy marsh (West End marsh 
in Provincetown, MA) in 2014 and at a peaty marsh (Rough Meadows marsh in Rowley, 
MA) in 2015. Incoming precipitation (Figure 3.2) was recorded at the Remote Automated 
Weather Station (RAWS) located 16.5 km away from the sandy marsh in Truro, MA 
(WRCC 2014) and at the weather station maintained by the Plum Island Ecosystems 
Long-Term Ecological Research (PIE-LTER) site (Giblin 2014) located 3.5 km away 
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from the peaty marsh. Tidal inundation above the marsh platform was measured with 
HOBO Water Level Loggers (Onset, Bourne, MA) or estimated from NOAA published 
tide predictions for stations 8446121 (sandy) and 8441241 (peaty) when HOBO data 
were not available (Figure 3.2). 
One plot per block was assigned to each of five treatments: ambient precipitation 
(ambient), doubled precipitation (wet), prolonged drought (dry), extreme seasonal 
precipitation pattern (extreme), and infrastructure control (control) (Figure 3.3). Rainout 
shelters (PVC pipe frame, wood and polycarbonate roof panels) intercepted incoming 
 
Figure 3.2 Tide, precipitation, and sampling schedules. 
Tidal inundation (top row), sampling schedule (center band), and precipitation (bottom 
row) in PrISME plots. Tidal inundation was measured by water depth logger (blue line; 
“Datalogger”), or estimated from NOAA tide tables (grey line; “NOAA”) when in situ 
depth data were unavailable. Vertical arrows on the precipitation plots indicate when 





















































Figure 3.3 PrISME precipitation treatments. 
Top row: control, ambient, dry and wet plots. Bottom row: extreme plots in three phases. 
Blue raindrops indicate incoming precipitation, blue arrows indicate the movement of 
rainwater collected by rain shelters and delivered through irrigation systems. Control 
plots are infrastructure controls with no experimental manipulation of precipitation. 
Precipitation in ambient, dry and wet plots was completely mediated by rainout shelters 
during the growing season (sandy site: 23 April - 1 November 2014, peaty site: 4 May - 
31 December 2015). Extreme plots received ambient levels of precipitation during phase 
1 (before 9 June (sandy) or 15 July (peaty)), dry levels during phase 2 (9 June – 21 
September (sandy) or 15 July – 19 September (peaty)), and greater than wet levels during 
phase 3 (after 21 September (sandy) or 19 September (peaty)). 
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precipitation over all plots except control plots during the growing season (12 April – 1 
November 2014 in Provincetown, MA and 4 May 2015 – 8 January 2016 in Rowley, 
MA). Intercepted precipitation entered a gravity-fed irrigation system that distributed 
precipitation according to treatment (Figure 3.3). Shelters over ambient and wet plots 
directed rain via irrigation tubing to the plot below. Shelters over dry plots directed all 
rain to the wet plot in the same block, thereby doubling rain delivery to wet plots and 
delivering none to dry plots. Extreme plots received three phases of treatment: ambient 
levels in the spring, drought in the summer, and 235% of ambient in the fall via 
supplemental rain shelters (Figure 3.3). Control plots received ambient rainfall with no 
shelter mediating rain delivery. We estimated precipitation delivered to wet, dry, and 
extreme plots (Figure 3.2) by multiplying the recorded precipitation by 2, 0, or 2.35 
according to treatment and extreme plot phase (Figure 3.3). We adjusted estimates for 
heavy rain events prior to a system upgrade on 15 October 2014 because initial irrigation 
tubing diameter limited water flow, resulting in system backup and gutter overflow when 
rainfall exceeded system capacity. Overflow was modelled as the rain volume that 
exceeded irrigation system capacity and flow rate, and half of this overflow is estimated 
to have fallen into the plot area (Appendix B). 
Greenhouse gas fluxes 
GHG fluxes, sediment temperature and relative moisture, and porewater 
chemistry were measured twice a month when the marsh was driest and wettest: near the 
end of a 1-2 week period of no tidal inundation (neap tide) and near the end of a 1-week 
period of twice-daily inundation (spring tide) (Figure 3.2). Efflux of CO2 from soil 
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respiration was measured with a Li-Cor 6400-09 soil chamber (Li-Cor Biosciences, 
Lincoln, NE) at triplicate permanently installed soil collars in each plot. Fluxes of CH4 
and N2O, and net ecosystem exchange (NEE) of CO2 were measured at one permanently 
installed collar in each plot with a transparent static chamber (Emery and Fulweiler 
2014). Over the course of 30 minutes, six 25-mL gas samples were extracted by syringe 
from the static chamber headspace and transferred to pre-evacuated Exetainer vials for 
later quantification of CO2, CH4 and N2O concentrations by gas chromatography 
(Shimadzu GC-2014, Shimadzu, Japan). Flux rates were calculated based on the linear 
change in concentration of each gas over time, normalized to the footprint area of the 
chamber. Atmospheric pressure and air temperature values used in these calculations 
were measured with a HOBO Water Level Logger (Onset, Bourne, MA). Because NEE 
measurements in our transparent chambers include photosynthesis, we measured 
photosynthetically active radiation (PAR) at 5 minute intervals concurrently with static 
chamber measurements with a Decagon LP-80 ceptometer (Decagon Devices, Pullman 
WA) or used PAR measured at the PIE-LTER weather station when data from this 
instrument was not available (two dates in 2015).  
Peaty site microbial community structure 
On three dates in 2015 (7 August, 22 August and 7 November) we collected 
sediment samples at the peaty site for microbial community analysis. Immediately 
following GHG flux measurements on these dates, we collected duplicate 1 cm deep 
plugs of sediment from inside the permanently installed static flux collar. Plugs were 
collected with ethanol rinsed and ultraviolet sterilized 1 cm diameter syringe corers. The 
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corer including sediment plug was immediately wrapped in parafilm and placed on dry 
ice in the field and transferred to a -80 °C freezer for long-term storage within 4 hours. 
Prior to thawing for use, samples were frozen in liquid nitrogen to deactivate any viable 
endogenous RNase enzymes (Angell et al. 2018). Sediment from duplicate 1 cm cores 
were combined and homogenized for use in the extraction procedure. DNA and RNA 
were co-extracted from composite field duplicates using Qiagen RNeasy PowerSoil Total 
RNA extraction kits (Qiagen, Hilden, Germany) with DNA isolation accessories. RNA 
extracts were checked for DNA contamination via PCR using universal bacterial 16S 
rRNA primers (515F and 806R). Any DNA contamination was removed with DNase I 
(New England BioLabs, Ipswich, MA, USA) and confirmed with PCR. RNA extracts 
were reverse transcribed to complimentary DNA (cDNA) using Invitrogen Superscript III 
(Invitrogen, Carlsbad, CA, USA) according to instructions for random hexamers. DNA 
and cDNA samples were amplified in triplicate with 16S rRNA primers (515F and 806R) 
that included adaptors for ligation of Illumina Nextera indices. PCR amplicons from the 
triplicate reactions were pooled and run on agarose gels, then target bands were excised 
and purified using Qiagen QIAquick gel extraction kits. Illumina indices were ligated 
onto the purified amplicons in a further PCR reaction and purified with using a Qiagen 
QIAquick PCR purification kit. DNA concentrations of the indexed amplicons were 
measured using a Qubit fluorometer (Thermofisher, Waltham, MA, USA) and pooled in 
equal masses to generate the sequencing library. Sequencing was done on an Illumina 
MiSeq platform using V2 chemistry at the University of Massachusetts Boston CPCT 
Genomics Core. 
 95 
Primary sequence data analysis and quality filtering was done in USEARCH. 
Paired end reads were joined, dereplicated, and singleton sequences were removed. 
Operational taxonomic units (OTU) were reference based picked against the GreenGenes 
database (ver. 13.8) with a similarity threshold of 97% using UPARSE. Sequences not 
clustered using GreenGenes were subject to denovo OTU picking. OTUs from both 
picking methods were combined to generate the full dataset. Using QIIME, taxonomy 
was assigned using UCLUST, after which sequence data was further quality filtered to 
remove any non-bacterial or non-archaeal OTUs. Before statistical analysis, microbial 
community data were normalized by rarefying 10 times to a depth of 16,500 sequences in 
QIIME and taking the mean abundance of each OTU across the 10 rarefactions.  
Sediment and porewater 
We took soil cores (30 cm deep x 5 cm diameter) from each plot near the 
beginning (9 June 2014 and 22 May 2015) and near the end (19 October 2014 and 4 
October 2015) of precipitation treatments. We determined gravimetric soil water content 
(SWC) by drying to constant mass at 65 °C, and loss on ignition (LOI) after 6 h at 500 °C 
for each 3 cm section of these cores. We determined the carbon and nitrogen contents of 
the surface (0-3 cm) depth section from each core with a NA-1500 elemental analyzer 
(Fisons, Ipswich, UK) and C:N as the molar ratio between these two values. On each 
GHG sampling date we measured soil temperature at 10 cm with a temperature probe and 
volumetric water content (VWC, estimated from dialectric constant) in the top 10 cm of 
the sediment with a Vegetronix VG-Meter-200 at three locations in each plot.  
On each GHG sampling date (and on additional dates in 2014) we collected 
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porewater from samplers to determine salinity, pH, and dissolved inorganic nutrient 
concentrations. Samplers were perforated, closed bottom, elbow-capped ¾ inch PVC pipe 
driven 50 cm into the marsh platform in the center of each plot. Samplers were emptied 
and allowed to refill, and then samples of porewater were extracted with acid-rinsed 
tygon tubing attached to 60 mL syringes. Approximately 30 mL of unfiltered porewater 
was refrigerated in a new 50 mL centrifuge tube for up to 24 hours until salinity and pH 
were measured with Hach HQd conductivity and pH probes (Hach, Loveland CO). Up to 
60 mL of porewater was filtered with nitrocellulose filters into duplicate acid-rinsed 30 
mL bottles and stored in the dark for later dissolved silicate (DSi) measurement. Up to an 
additional 60 mL of porewater was filtered with glass microfiber filters (Whatman GF/F) 




+)), and phosphate (DIP)). All nutrient concentrations were determined 
with a Seal Autoanalyzer 3 (Seal Analytical, Inc, Mequon WI) using standard methods 
(Strickland and Parsons 1977, Grasshoff et al. 1983).  
Biomass and litter decomposition 
We estimated net primary productivity and plant community composition by 
harvesting aboveground biomass (AGB) from one 25 cm x 25 cm quadrat in each plot 
when marsh vegetation was near its annual peak (1 October 2014 and 3 October 2015). 
Harvested AGB was sorted to species (Tiner 2009) and dried to constant mass at 65 °C. 
We measured belowground biomass (BGB) at the peaty site by collecting a soil core (30 
cm deep x 5 cm diameter) from each plot when AGB was harvested, manually removing 
live rhizomes from the core, and drying these to constant mass at 65 °C. We measured 
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BGB at the sandy site with root ingrowth cores installed in early June. These were mesh 
(0.635 cm openings) cylinders inserted into 30 cm deep by 5 cm diameter core holes and 
filled with root- and rhizome-free sediment collected on site. The cylinders and their 
contents were collected in October when AGB was harvested, and all roots and rhizomes 
that had grown through the mesh were manually removed from the sediment then dried to 
constant mass at 65 °C.  
We used litterbags to measure decay rates for Spartina alterniflora, S. patens, and 
Distichlis spicata. D. spicata was omitted at the sandy site because it was scarce there. 
Litterbags were constructed of mesh (2 mm openings) and contained approximately 1 g 
of senesced biomass collected on-site the previous winter and air-dried in the lab. 
Litterbags were secured to the marsh surface with a ground staple at one edge and 
interspersed between standing biomass to mimic the position of senesced marsh grasses. 
Duplicate litterbags of each species were collected from each plot in July and in 
September (sandy site) or October (peaty site). Litterbags were rinsed with deionized 
water to remove sediment and living shoots growing through the mesh were discarded. 
The contents of the bags were dried to constant mass at 65 °C. The mass lost due to 
drying, rinsing, and transport/installation (as determined from quality control litter bags 
that were subjected to all these disturbances save for field incubation) was subtracted 
from mass lost in litterbags.  The litter decay constant (k) associated with each species in 
each plot was calculated as the slope of the regression line between the natural log of the 
percent mass remaining and time over both collection dates and the initial conditions 
(Austin and Vivanco 2006). 
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Statistics 
We used linear mixed model restricted maximum likelihood (REML) estimation 
with function lmer from library lme4 (Bates et al. 2015) in R version 3.4.0 (R Core 
Development Team 2017) to assess the effects of precipitation treatment (ambient, wet, 
dry, or extreme), and site (sandy or peaty) on response variables. To assess any potential 
effects of the experimental infrastructure itself, we compared control plots to ambient 
plots with the same linear mixed model REML estimation across sites and tidal phases, 
but with two treatments (control and ambient) instead of four (results in Table C.3). For 
all mixed models, we assigned precipitation treatment and site as fixed effects and 
experimental block as a random effect. Repeated measures models were used for 
bimonthly measured variables (GHG fluxes, porewater salinity, pH, and nutrient 
concentrations, and sediment moisture and temperature), and with these variables we 
assigned tidal phase (spring or neap) as an additional fixed effect. For SWC, LOI, and 
C:N we included a fixed effect to test for differences between the two core dates (pre- 
and post-treatment), and for SWC and sediment LOI we assigned depth as an additional 
fixed effect (C:N was only measured for the surface depth). We analyzed litter decay 
constants separately for each species, and omitted the site comparison for D. spicata 
since we did not use litter bags of this species at the sandy site. Full interactions were 
specified for all fixed effects. A Wald χ2 test with Satterthwaite approximation of degrees 
of freedom was used to test for significance of the fixed effects in R library lmerTest 
(Kuznetsova et al. 2017). We conducted post hoc multiple comparisons with the Holm p-
value adjustment in the case of a significant fixed effect. Differences in the plant 
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community between sites, experimental blocks, and precipitation treatments were tested 
with permutational multivariate analysis of variance (perMANOVA; adonis2 in R library 
vegan (Oksanen et al. 2016)). 
Microbial community structure was visualized with principal coordinate analysis 
(PCoA) on Bray-Curtis distance matrices calculated for the total and active communities, 
and for the combination of the two (vegdist in R library vegan). Differences in the 
microbial community between precipitation treatments, experimental blocks, and 
sampling dates were tested with perMANOVA on the distance matrices. When 
perMANOVA results showed an effect was significant, we conducted post hoc pair-wise 
comparisons of all effect levels using perMANOVA and the Holm p-value adjustment. 
The species contribution to beta diversity (SCBD) for each OTU was partitioned from the 
overall community variance using the beta.div function in R library adespatial (Legendre 
and De Cáceres 2013). We used analysis of variance to test for differences in (log-
transformed) species abundance across precipitation treatments, experimental blocks, and 
sampling dates for the twelve OTUs contributing most to SCBD in the total and the 
active communities. Dormancy rates were calculated for OTUs present at least 100 times 
in the dataset as the ratio between the number of 16S rRNA transcripts and the number of 
16S rRNA gene copies +1 (Kearns et al. 2016). 
Results 
Sediment and porewater 
Site was a significant effect in the mixed models for nearly all sediment and 
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porewater variables tested; only soil temperature was similar between sites (Table 3.1, 
Table 3.2). The peaty site had ~4x higher gravimetric (Figure 3.4, Table 3.1) and ~40% 
higher volumetric sediment water content (Figure 3.5, Table 3.2). The peaty site had 
significantly higher organic content indicated by 17x higher LOI (Figure 3.4, Table 3.1), 
and 4-5x higher C% and N% content (Table C.1). Porewater at the peaty site had on 
average 14% lower salinity, 5% higher pH (Figure 3.5, Table 3.2), 70% higher 
concentrations of NH3, and 18-20% higher concentrations of NO2
-, and DIP (Figure 3.6, 
Table 3.2) than the sandy site. Missing data prevented statistical comparison between 
sites for NO3
- (which could not be quantified at the peaty site due to matrix interference) 
and DSi, but available data suggest DSi was higher at the peaty site (Figure 3.6).  
 
Table 3.1 Linear mixed model results for sediment cores, biomass, and litter  
Significance (p-values) from Wald χ2 test on fixed effects in the linear mixed models for 
gravimetric soil water content (SWC), percent loss on ignition (LOI), C to N molar ratio 
(C:N), above- and below-ground biomass (AGB and BGB), and litter decay constants (k) 
for Spartina patens (S.p), S. alterniflora (S.a), and Distichlis spicata (D.s). 









0.004 0.20 0.52 0.034 0.72 0.82 0.52 0.045 
Site (S) <.001 <.001 <.001 0.025 <.001 <.001 <.001  
Core date (C) 0.46 0.76 0.026      
P*S 0.002 0.012 0.003 0.13 0.24 0.72 0.18  
P*C 0.79 0.93 0.62      
S*C 0.13 0.21 0.99      
P*S*C 0.65 0.34 0.27      
Note: An additional effect (Depth) and its interactions were included in the analysis of 
SWC and LOI, but have been omitted from this table for clarity. Depth and depth x site 
were significant effects (p < 0.001) for both, but other interactions were not significant. 
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Table 3.2 Linear mixed model results for sediment, porewater, and GHG fluxes 
Significance (p-values) from Wald χ2 test on fixed effects in the linear mixed models for 
volumetric water content (VWC), soil temperature (TS), salinity (PSU), pH, porewater 




dissolved inorganic phosphate: DIP, dissolved silica: DSi), soil respiration (RS), net 
ecosystem exchange of CO2 (NEE), methane flux (fCH4), and nitrous oxide flux (fN2O). 
Effect VWC TS RS NEE fCH4 fN2O 
Precipitation treatment (P) 0.03 0.96 0.23 0.88 0.87 0.26 
Tidal phase (T) <.001 0.24 <.001 0.014 0.84 0.83 
Site (S) <.001 0.46 0.032 0.56 0.043 0.74 
P*T 0.83 1.00 0.73 0.64 0.62 0.47 
P*S 0.008 1.00 0.63 0.20 0.58 0.45 
T*S <.001 0.74 0.53 0.52 0.84 0.088 
P*T*S 0.59 1.00 0.85 0.99 0.72 0.80 
 
Effect PSU pH NH4
+ NO2
- NO3
- DIP DSi 
Precipitation treatment (P) 0.074 0.97 0.68 0.94 0.12 0.81 0.30 
Tidal phase (T) 0.12 <.001 <.001 <.001 0.64 <.001 0.40 
Site (S) <.001 <.001 <.001 <.001  <.001  
P*T 0.82 0.36 0.91 0.98 0.66 0.77 0.009 
P*S 0.57 0.52 0.86 0.98  0.91  
T*S 0.021 0.002 0.004 0.012  0.013  
P*T*S 0.80 0.70 0.97 0.99  0.93  
 
 
Sediment and porewater at the sandy site were more variable, with a broader range of 
salinity, pH, and VWC and SWC values (Figure 3.4, Figure 3.5). Tidal phase was a 
significant main or interactive effect in the mixed models for many variables tested 
(Table 3.2). Neap tide was associated with drier sediment (lower VWC) at both sites 
(Figure 3.5). At the sandy site, porewater salinity was higher during the spring tidal 
phase, and at the peaty site, porewater pH, and DSi, NH3, NO2
-, and DIP concentrations 
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were higher during neap tide (Figure 3.5, Figure 3.6, Table 3.2). 
Precipitation treatment was not a significant effect in the mixed models for most 
variables tested. Soil temperature, LOI, C:N, porewater pH, and porewater nutrient 
concentrations were all similar across treatments (Table 3.1, Table 3.2), and SWC and 
VWC effects were significant for the sandy site only. At the sandy site, mean VWC was 
higher in the extreme precipitation treatment than the wet treatment during the neap tidal 
phase (Figure 3.5, Table 3.2), and mean SWC at both the beginning and end of the 
experiment was higher in the extreme treatment than the wet or dry treatment (Figure 3.4, 
Table 3.1). Mean SWC was also lower in the wet treatment compared to the ambient 
treatment. Within each site, SWC and LOI values measured after 5-6 months of 
precipitation treatments were similar to those at the beginning of treatments (Figure 3.4, 
Table 3.1). C:N was slightly higher in the fall, but the increase in C:N was statistically 
similar across treatments, and  treatment itself was not a significant effect in the mixed 
model for C:N (Table 3.1).   
Porewater salinity did vary by precipitation treatment during at least 2 large rain 
events. Porewater salinity was significantly higher in dry plots compared to ambient and 
wet plots during a rain event on 1 October 2014 at the sandy site, and was significantly 
lower in wet plots than all others during a rain event on 22 August 2015 at the peaty site 
(Table 3.3). Rainfall in the 24 hours prior to these measurements totaled 38-45 mm for 
both storms and was still falling at the time of sampling. On three other occasions we 
measured porewater salinity after significant rainfall but prior to the first tidal inundation 
following the rain event. On these occasions, measurements took place 1-4 days after the 
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rain fell and there were no significant differences between treatments (Table 3.3). 
Within each site, spatial heterogeneity was evident for some variables in 
differences between experimental blocks. At the sandy site, one block had a substantial 
peaty layer at the surface, one had negligible peat in the sediments, and the third had a 
step gradient in organic layer depth. This third block of plots was arranged extreme-
ambient-dry-wet-control across this gradient, so that the extreme plot had a substantial 
(>15 cm) organic layer above sand and the control plot had no discernable organic layer 
above the sand. Sediment characteristics determined by soil core also reflected this 
gradient (i.e. extreme had the highest C:N and LOI). This gradient preexisted our 
experiment and was not discovered until treatments had already begun. When this block 
of plots is excluded from the mixed model analysis, the precipitation treatment main 
effect and its interactions are no longer significant for SWC and VWC.   
 
 
Table 3.3 PrISME porewater salinity measured 0-4 days after rainstorms, before 









Porewater Salinity (mean ± SE) 





 5 Jun 15 4 26.8 ± 4.9 26.9 ± 5.0 29.1 ± 2.8 27.2 ± 5.1 
4 Jul 84 3 22.1 ± 3.7 18.9 ± 5.0 19.5 ± 7.7 20.4 ± 3.7 





24 Jul 9 1 20.8 ± 0.7 19.7 ± 0.9 21.2 ± 1.8 22.8 ± 1.0 




Figure 3.4 Before and after sediment core results. 
Carbon to nitrogen ratio (C:N) in the top 3 cm (top row) and profiles of soil water content 
and organic matter content as loss on ignition (second and third rows) in PrISME plots 
near the beginning and the end of precipitation treatments. Colors in profile plots follow 
those for C:N barplots. Error bars indicate standard error (n = 3). 
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Figure 3.5 Time series of sediment and porewater conditions. 
Volumetric water content (VWC), soil temperature (TS), salinity in practical salinity units 
(PSU), and pH at PrISME plots. Error bars indicate standard error (n = 3). Shaded bands 
indicate 95% confidence interval of the mean across treatments. 
 106 
 
Figure 3.6 Times series of porewater nutrient concentrations. 
Dissolved silicate (DSi), ammonium (NH4
+), nitrite (NO2
-), nitrate (NO3
-), and phosphate 
(DIP) concentrations at PrISME plots. Error bars indicate standard error (n = 3). Shaded 
bands indicate 95% confidence interval of the mean across treatments. 
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Greenhouse gas fluxes and litter decomposition 
Soil respiration was significantly greater at the peaty site than the sandy site, but 
NEE was similar between sites (Figure 3.7, Table 3.2). The sandy site exhibited both 
positive and negative individual flux CH4 measurements while being on average a net 
sink of CH4 (-0.33 ± 0.24 µmol m
-2 h-1). The peaty site was a net source (0.24 ± 0.13 
µmol m-2 h-1) due to a small number of positive individual fluxes while never exhibiting 
uptake, and the difference between sites was statistically significant (Table 3.2). N2O flux 
was 9.5 ± 15.0 nmol m-2 h-1 at the sandy site and 7.3 ± 16.0 nmol m-2 h-1 at the peaty site, 
neither of which are significantly different from 0 (Student’s t-test, p > 0.05).  Neap tide 
was associated with greater CO2 fluxes (soil respiration and NEE, Figure 3.7) at both 
sites, especially the sandy site. CH4 flux and N2O flux were similar between tidal phases 
for both sites (Figure 3.7). Litter decayed significantly faster at the peaty site, with decay 
constants ~2.5x greater at that site for both Spartina species (Table 3.4). D. spicata litter 
lost significantly (p = 0.03) more mass in ambient plots than in extreme plots by the 
September litter bag harvest (Table C.2). As a result, the decay constant k for the extreme 
treatment was marginally (p = 0.06) lower than k for the ambient treatment after p-value 
adjustment, and the effect of precipitation was significant overall (Table 3.4).  
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Figure 3.7 Time series of greenhouse gas fluxes. 
Soil respiration (Soil R), net ecosystem exchange of CO2 (NEE), methane (CH4), and 
nitrous oxide (N2O) at PrISME plots. Error bars indicate standard error (n = 3). Shaded 






Table 3.4 Litter decay constants at PrISME sites. 






S. patens Amb 0.70 ± 0.09 1.55 ± 0.21 
 Wet 0.58 ± 0.06 1.62 ± 0.24 
 Dry 0.60 ± 0.04 1.72 ± 0.57 
 Ext 0.64 ± 0.06 1.28 ± 0.16 
    
S. alterniflora Amb 0.85 ± 0.09 2.88 ± 0.49 
 Wet 1.04 ± 0.09 2.76 ± 0.16 
 Dry 1.02 ± 0.015 2.22 ± 0.13 
 Ext 1.06 ± 0.04 1.06 ± 0.15 
    
D. spicata Amb - 3.21 ± 1.13 
 Wet - 1.54 ± 0.38 
 Dry - 1.61 ± 0.37 
 Ext - 1.24 ± 0.13 
 
 
Plant and microbial communities  
The peaty site had 12% more total AGB than the sandy site (Figure 3.8). By 
design, the dominant species at both sites was S. patens, but the community structure 
differed between sites (perMANOVA, p < 0.001) due to differing compositions of 
secondary species. S. patens made up approximately 85% of the biomass in each plot, 
and the balance was primarily Distichlis spicata at the peaty site, and a mixture of grasses 
and forbs at the sandy site (Figure 3.8). Across sites the wet treatment had less AGB than 
the extreme treatment. At the sandy site, AGB in the dry plots was marginally 
significantly (p = 0.055) lower than AGB in the extreme treatment, and significantly (p = 
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0.008) lower than the AGB in the same treatment at the peaty site (Table 3.1). Plant 
community composition in wet treatment plots was distinct from that in extreme 
treatment plots (perMANOVA, p = 0.02). BGB was lower at the sandy site than at the 
peaty site (Figure 3.8), but this difference is likely due to the use of different methods and 
not due to differences in root growth between the sites.  
 
 
Figure 3.8 Above- and belowground biomass in PrISME plots. 
Error bars indicate standard error (n = 3), and for aboveground biomass refer to the total 
biomass (sum of all species). 
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Figure 3.9 Class-level microbial taxonomy in the total and active communities. 
Stacked bar plots of the major taxonomic classes in the total and active microbial 
communities in PrISME plots. Square brackets around class names indicate proposed but 
unverified taxonomy in the GreenGenes database (ver 13.8). Classes that each made up 
less than 1% of the community are binned in the “other” category.  
 
 
After removing singletons, there were 61,476 OTUs in the microbial community 
at the peaty site. The sediment microbial community was typical for a New England salt 
marsh (Kearns et al. 2016, Angell et al. 2018), with both the total and active community 
largely made up of Proteobacteria (Figure 3.9). 85-90% of the sequences in both 
communities were assigned to 16 taxonomic classes, and approximately 50% and 70% of 
the total and active microbial communities, respectively, were Alpha- Gamma- or 
Deltaproteobacteria (Figure 3.9). A number of taxa present in the total community were 


















































































































and Bacteroidia (Figure 3.9). In contrast, the class Deltaproteobacteria were 
disproportionately represented in the active community compared to the total community 
(Figure 3.9). Among the OTUs present at least 100 times in the normalized dataset, the 
ratio between 16S rRNA and the 16S rRNA gene +1 abundance varied from 0 to almost 
190 (Figure 3.10, Figure 3.11). The median ratio for most classes was less than one, but 
was slightly greater than one for Deltaproteobacteria and Solibacteres classes (Figure 
3.11). The 16S rRNA and the 16S rRNA gene +1 ratio did not differ by date, treatment, 
or experimental block (Figure 3.10).   
The total and active microbial communities were significantly distinct 
(perMANOVA, p = <0.001; Figure 3.12a). The 12 OTUs contributing most to beta 
diversity in the total community include one archaeal genus (Nitrosopumilus) in the 
Thaumarchaeota class, and several taxa across bacteria phyla, while the 12 OTUs 
contributing most to beta diversity in the active community were all Proteobacteria 
(Table 3.5). Abundance of seven of the top-contibuting OTUs in the total community 
varied significantly by experimental block, four varied by precipitation treatment, and 
one varied by date. Abundance of all but one of the top OTUs in the potentially active 
community varied by experimental block, 9 varied by precipitation treatment, and 1 
varied by date (Table 3.5). In most cases where abundance varied by precipitation 
treatment, a post hoc test revealed that the dry and ambient treatment were significantly 
different, but significant differences were variable with respect to wet and extreme 
treatments (Table 3.5). At the peaty site, the microbial communities in dry treatment plots 
were distinct from those in the ambient treatment plots for both the total and potentially 
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active communities (perMANOVA, treatment effect p = 0.02, p < 0.001 respectively), 
but no other significant differences in community were detected between treatments 
(Figure 3.12b-c). There was no significant difference in the total or potentially active 
microbial community over the course of the three sampling dates at the peaty site 
(perMANOVA, date effect p = 0.07, p = 0.09 for the total and potentially active 






Figure 3.10 Microbial dormancy by date. 
Box and whisker plots showing the interquartile range and full range of values of the 
ratio of 16S rRNA transcripts to genes (+1) for OTUs present at least 100 times in the 
normalized dataset in all 35 samples in this study. A higher ratio indicates greater 
potential activity; a lower ratio suggests dormancy. Within each treatment on each date, 
the three boxes represent samples from experimental blocks 1, 2, and 3 from left to right.  
7 Aug 22 Aug 7 Nov


































Figure 3.11 Microbial dormancy by class. 
Box and whisker plots showing the ratio of 16S rRNA transcripts to genes (+1) by 
taxonomic class. The whiskers show the full range of values, the boxes show the 
interquartile range, the black band is the median. Each box and whisker summarizes the 
ratios for all OTUs present at least 100 times in the normalized dataset across 
experimental plots and sampling dates grouped by PrISME precipitation treatment. A 
higher ratio indicates greater potential activity; a lower ratio suggests dormancy. “Other” 
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Figure 3.12 Principal coordinates of microbial communities 
Principal coordinates of Bray-Curtis dissimilarity matrices for the total (a,b) and active 
(a,c) microbial communities in PrISME plots, as determined by the 16Sr RNA gene and 





Table 3.5 Details of microbial species contributing most to beta diversity 
Taxonomic identification, species contribution to beta diversity (SCBD), population rank 
(Rank), and ANOVA results for the twelve OTUS contributing most to beta diversity in 
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Responses to precipitation treatments  
PrISME precipitation treatments did not change GHG fluxes, Spartina litter 
decomposition, or net primary productivity (relative to ambient plots), which indicates 
that salt marsh carbon cycling functions are generally unaffected by one year of altered 
precipitation. However, prolonged drought and doubled rainfall had subtle influences on 
microbial community structure and plant community structure, respectively. This 
suggests that a combination of resistance, functional redundancy, and possibly resilience 
in marsh community structures may allow these systems to retain biogeochemical 
functions despite disturbances from climate change.  
We hypothesized an increase in anaerobic processes and a shift towards anaerobic 
microbial taxa with increased precipitation, but we did not observe these changes. 
Microbial communities under doubled precipitation were indistinguishable from 
communities under ambient rainfall at the peaty marsh. GHG fluxes, litter decomposition 
rates, and biomass production were similar as well at both marshes. Salt marshes are 
already at or near saturation much of the time, so increased precipitation likely does not 
change conditions such as oxygen availability in the sediment, making the system 
resistant to this type of disturbance. We also hypothesized a shift towards aerobic 
processes and taxa with decreased precipitation, and we observed a community change at 
the peaty marsh but not a change in GHG fluxes, litter decomposition, or primary 
productivity at either marsh. This suggests the marsh microbial community may contain 
functional redundancy that results in similar rates of carbon cycling processes despite a 
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slightly different community structure. The active microbial community shift in the dry 
plots compared to ambient plots appears to have been the result of an increase in multiple 
OTUs assigned to the Rhodospirillales and Chromatiales families of the Alpha- and 
Gammaproteobacteria, respectively, and a decrease in several taxa in the Myxococcales 
order (Table 3.5). In the total microbial community, the shift was fewer Acidimicrobiales 
and more Ignavibacteriales taxa in dry plots (Table 3.5). Most of the top-contributing 
OTUs to the community difference, and all OTUs among those that differed between dry 
and ambient plots, could not be assigned taxonomy below the order or family level. Since 
considerable diversity of metabolism exists within families and orders, the taxonomic 
level to which we can identify these OTUs is not sufficient to resolve whether the 
community shift included a shift in strictly aerobic or anaerobic taxa. And, because many 
microbes are facultative anaerobes, we cannot draw conclusions about metabolic shifts 
based only on the community shifts observed with 16S rRNA sequences. We also 
hypothesized a change in community structure and an increase in trace GHG emissions in 
the extreme treatment, but we did not observe any changes in this treatment. 
Our primary productivity, litter decomposition, and soil respiration results 
contrast with findings from previous salt marsh precipitation manipulation experiments. 
In one field experiment, primary productivity increased with drought, presumably 
because waterlogging stress was alleviated, but did not respond to increased precipitation, 
and decomposition decreased with added precipitation and increased with drought 
(Charles and Dukes 2009). A second field experiment found that biomass response to 
drought differed by species (increasing for annual succulents but decreasing for Spartina 
 121 
spp. grasses), but did not examine the effects of increased precipitation or the response of 
respiration or other carbon cycling processes (Strain et al. 2017). In a salt marsh 
mesocosm experiment, productivity and respiration decreased with both storm and 
drought treatments (Watson et al. 2014). In terrestrial ecosystems, both productivity and 
soil respiration respond positively to increased precipitation, with a net effect of 
enhancing ecosystem carbon uptake, and these responses are consistent across a variety 
of ecosystems (Wu et al. 2011). Terrestrial ecosystems were more sensitive to increases 
than to decreases in precipitation, but decreased rainfall does lead to the inverse response 
of lower productivity, respiration, and net carbon uptake (Wu et al. 2011). Unlike the 
consistent responses observed for terrestrial ecosystems, salt marsh carbon cycling can 
respond positively, negatively, or neutrally, to increases or decreases in precipitation, 
with seemingly contradictory results across, and even within, studies. 
Other drivers: the influence of tides and local factors 
In addition to examining the effects of precipitation change by imposing 
precipitation treatments, we sampled during the extremes of the monthly tidal cycle to 
examine potentially interactive effects of moisture variations due to precipitation change 
and tide, and we conducted this experiment at two marshes with contrasting sediment 
types to assess how sediment conditions influence responses. The effects of tidal phase 
and site on VWC were pronounced, and, as expected, the neap tidal phase and the sandy 
site were associated with drier sediments. The tide and site effects were interactive, such 
that the variation between tidal phases was much greater at the sandy site where well 
drained sandy sediment facilitated a deeper and faster dry down than was possible in the 
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spongy peat of the peaty site. Neap tide was associated with higher concentrations of 
dissolved inorganic nutrients, especially at the peaty site, suggesting that the biweekly 
dry down allowed oxygen to penetrate and fuel biogeochemical processes (organic matter 
decomposition, nitrification, etc.) that transform N and P. Nutrient concentrations at the 
peaty site were higher, reflecting the greater availability of organic matter substrate. 
Higher moisture during the spring tidal phase was associated with lower soil 
respiration, likely due to suppression of aerobic respiration by low oxygen levels. The 
effect of tide on soil respiration was more pronounced at the sandy site, where well-
drained soils allow for rapid transitions between saturated and unsaturated conditions. 
Other than their responses to tidal phase, soil respiration rates were generally similar for 
both marshes despite marked differences in sediment type. Soil respiration rates were 
also similar to rates found previously by our team and by others in New England salt 
marshes (Moseman-Valtierra et al. 2011, Emery and Fulweiler 2014, 2017). Sediment 
LOI was roughly 5-10 times higher at the peaty site than the sandy site, yet the greater 
availability of organic matter substrate was not associated with higher respiration, likely 
due to the quality of this organic matter and the availability of oxygen; C:N was 30% 
higher at the peaty site than the sandy site, indicating that organic matter available for 
respiration was substantially more recalcitrant at the peaty site. In addition, moisture 
levels at the peaty site indicate that sediments there were consistently saturated, limiting 
oxygen penetration and therefore aerobic respiration. NEE rates were also broadly similar 
between marshes, but the minimum values (corresponding to greatest uptake via 
photosynthesis) were lower at the peaty site, especially early in the season. End-of-season 
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aboveground biomass was similar between sites, so the stronger NEE uptake in spring at 
the peaty site may reflect a faster green-up due to local meteorological conditions, or to 
inter-annual variation, rather than a sustained difference in productivity. 
The patterns of CH4 flux at each marsh were distinct. We detected CH4 emission 
in 3% of measurements at the peaty site, and did not detect uptake, making this marsh a 
small source of CH4 to the atmosphere as are most salt marshes (Poffenbarger et al. 
2011). We detected both net emission and net uptake at the sandy marsh, but the marsh 
was on average a net sink for CH4. This is unusual for a salt marsh, and suggests a 
substantial community of methane oxidizers existed in the well-drained, sandy sediments 
at this site and/or few active methanogens. We occasionally observed net uptake and net 
emission of N2O at both marshes, but seasonally averaged flux rates of N2O were low and 
not significantly different from 0 at either marsh. We expected CH4 and N2O fluxes to 
vary with tidal phase because the differences in soil respiration between phases suggested 
a difference in oxygen availability, but we did not observe this.  
The dominant species at both sites was S. patens by design, but secondary species 
at the sites were almost entirely different. The peaty site was a fairly uniform mix of S. 
patens and D spicata, with traces of Salicornia in some plots. In contrast, the sandy site 
had a higher number of plant species, and greater variation in their relative abundance. 
Unfortunately, we were unable to collect samples for molecular analysis at the sandy site, 
so we cannot draw any conclusions about microbial community structure there, nor 
compare it to the peaty marsh. Plant and total microbial community structure would not 
be expected to change over the course of tidal phases, but differences in the activity of 
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the microbial community between spring and neap tide could theoretically be detectable. 
We sampled the potentially active microbial community on 3 dates, and one of these 
dates was a spring tide sampling and the other two were neap tides. Therefore, the 
absence of a statistical difference in the potentially active community between dates 
suggests tidal phase did not influence active microbial community structure, but the 
effect of tidal phase could not be explicitly tested with this small data set. 
Mechanisms and resilience 
If ecosystem structure and function are impacted by precipitation change, the 
impact is likely to occur via changes to physical conditions including porewater salinity 
and pH (via dilution and/or flushing of porewater solutes), and temperature (via changes 
in evapotranspiration) in addition to direct effects on soil moisture. In PrISME plots, both 
measures of soil moisture (biweekly VWC and twice yearly SWC) showed significant 
differences between precipitation treatments, but these differences were likely not caused 
by the intense precipitation treatments we imposed. The differences we observed were 
not consistent with the expected effects of our precipitation treatments (for example wet 
and dry being wetter and drier than ambient plots, respectively). They were instead 
consistent with a steep gradient of organic layer thickness underlying one block of plots 
at the sandy site. The tight coupling of sediment moisture to organic matter content, both 
across plots within the sandy site and between sites, suggests that moisture content was 
driven by storage capacity and retention capability of the sediment, rather than input rate 
from precipitation. 
In PrISME plots, soil temperature and porewater pH were also not affected by our 
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precipitation treatments, and seasonal average salinity was only marginally affected. 
However, the salinity of porewater sampled during rain events on 1 October 2014 at the 
sandy site and 22 August 2015 at the peaty site suggests potentially important short-lived 
changes to physical conditions in the marsh did occur (Table 3.4). During these rain 
events, dry plots had significantly higher salinity than ambient and wet plots at the sandy 
site, and wet plots had significantly lower salinity than all other treatments at the peaty 
site. These findings are generally consistent with the expected differences for 
experimental manipulation of freshwater input across treatments. Porewater collected on 
7 July 2014, 3 days after a storm similar in size to the 1 October event with no tidal 
inundation occurring between the storm and porewater collection, was fresher than 
average in most treatments, but there were no statistically significant differences in 
salinity between treatments on that date (Table 3.3). This suggests that the effects on 
salinity (and thus ecosystem processes) from even the largest precipitation events fade 
within a few days. Therefore, if the effect of precipitation treatment on salinity we 
observed for selected storms was similar during all comparable rain events, then salinity 
was affected by PrISME treatments during only a handful of days over the course of the 
growing season.  
The lack of changes to the microbial community and between-storm GHG fluxes 
demonstrates that even if there were excursions in the rates of microbial processes 
responsible for GHG production and emission during or immediately after storms, the 
cumulative effect of these excursions was not enough to shift baseline ecosystem flux 
rates. GHG flux measurements were, by necessity, conducted primarily during fair 
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weather at low tide after salinity conditions had likely returned to baseline, so it is 
possible that we missed transient salinity effects on GHG flux due to sampling 
constraints. However, litter decomposition, plant biomass, and plant and microbial 
community structure, while measured at discrete moments, are the result of an entire 
season of precipitation treatment. Therefore, the fact that there were no differences for 
these measures suggests that even if we missed transient effects of salinity on ecosystem 
processes, the bulk carbon flux functions of decomposition and productivity did not 
change. The absence of disturbance to baseline rates suggests that the marsh community 
was resilient if any pulses in GHG emissions did occur. Our study design and sampling 
schedule was not conducive to detecting resilience directly because we did not track short 
term responses to storm pulses nor make measurements after the press disturbance 
created by the precipitation manipulations had ceased, but resilience over short time 
scales may have contributed to the stability we observed in marsh structure and function. 
Salt marsh community and functional stability stem from tidal oscillation 
Interestingly, ecosystem functions in the two marshes in this study responded 
strongly, and very similarly, to moisture variation caused by tidal phase. Both marshes 
exhibited higher respiration rates and nutrient concentrations during the biweekly dry 
downs that occur around the neap tide. In contrast to this strong response to tides, GHG 
flux rates, litter decomposition, and primary productivity were similar across 
precipitation treatments, and microbial community at the peaty site was similar regardless 
of increased precipitation or seasonal intensification of precipitation patterns. This 
similarity across treatments exists despite precipitation manipulations that were more 
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extreme than the changes in precipitation projected to occur with global climate change, 
and despite detectable effects on salinity during rain events at both salt marshes. This 
suggests that salt marsh community structure and function are resistant, or at least 
resilient, to the effects of precipitation change. Tidal pulsing is a strong force in salt 
marshes, and regular disturbances caused by the tide foster plant and microbial 
communities that already possesses strategies to withstand future precipitation changes. 
The species that thrive in marshes need to either be generalists that can tolerate the 
shifting conditions, or need to employ a strategy such as dormancy to survive until 
favorable conditions return. Resistance to precipitation change is possible because even 
the most extreme precipitation changes from anthropogenic climate changes will likely 
not create conditions outside the normal range for a salt marsh. The functional similarity 
between the marshes in this study suggests that resistance is similar regardless of marsh 
sediment characteristics. 
In addition to precipitation changes, marshes face other threats associated with 
global climate change, including accelerated sea level rise, higher CO2 concentrations, 
and warming temperatures, that were not included in the present study. But the resistance, 
redundancy, and/or resilience we observed means that if salt marshes are allowed to 
accrete and transgress inland to accommodate sea level rise, and if warming and CO2 
enhance productivity and carbon storage as some evidence suggests (Charles and Dukes 
2009), then salt marshes will be able to maintain high rates of carbon burial even if 
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Chapter 4 - Pulsed emissions after tidal rewetting are an important constituent of 
salt marsh N2O budgets 
Hollie E. Emery, John H. Angell, Akaash Tawade, Robinson W. Fulweiler 
Abstract 
Sediment rewetting stimulates pulses of nitrous oxide (N2O) that can constitute a 
large portion of annual N2O fluxes in some ecosystems. The pulsed emission increase of 
carbon dioxide following rainfall in terrestrial ecosystems is well characterized, but 
wetlands, including coastal wetlands, emit less carbon dioxide following rain likely due 
to anoxia limiting respiration. Salt marshes also experience tidal inundation, and this 
form of rewetting may cause pulses that are missed by most salt marsh flux studies. We 
measured greenhouse gas fluxes in intact sediment cores taken from two salt marshes 
before, immediately after, and for 2 days following rewetting by simulated storm and/or 
simulated tidal inundation. We also measured the total and potentially active microbial 
communities at the end of the experiment. Microbial communities were similar across 
treatments two days after rewetting treatments were applied, which reflects resistance or 
resilience of the marsh microbiome to rewetting. However, rewetting from tidal 
inundation and from rainfall led to a short term (begun within 1 h, concluded within ~1 d) 
pulse of N2O, a sustained drop in carbon dioxide emission, and no change in methane 
emission. The N2O pulse peaked on average at approximately 20x baseline flux rates in 
the tide treatment, and 10x baseline flux rates in the storm treatment. By their global 
warming potentials, the pulse of N2O emission only partially offset the drop in carbon 
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dioxide emission, meaning rewetting had a net cooling effect on marsh radiative forcing. 
We modelled relative contribution of pulsed N2O emissions to annual totals by estimating 
rewetting event incidence over a 65-year tide gauge and precipitation record, and found 
that pulsed emissions likely constitute the majority of salt marsh N2O emissions, and 
could constitute the entirety in marshes that are net sinks between pulses.  
Introduction 
Coastal ecosystems, such as salt marshes, provide many important services 
(Duraiappah et al. 2005), among them carbon burial (McLeod et al. 2011). However, any 
net carbon sequestration benefit via burial of biomass and sediment could be undermined 
by relatively small emissions of methane (CH4) and nitrous oxide (N2O) because the 
radiative forcing of these greenhouse gases (GHGs) is greater than that of carbon dioxide 
(CO2). Salt marshes can be net sinks of N2O (since heterotrophic denitrifiers take up N2O 
when nitrate is unavailable) (Moseman-Valtierra 2012) and, compared to other wetlands, 
relatively small sources of CH4 (since sulfate reducers outcompete methanogens) 
(Poffenbarger et al. 2011). However, the vast majority of GHG flux measurements in salt 
marshes (save those from flux towers) are made during low tide when the marsh is 
accessible to personnel and scientific instruments, and furthermore are likely to be made 
around neap tide when mashes are accessible for long durations during daylight hours. As 
a result, the complete range and response of GHG fluxes through the tidal cycle may not 
be completely characterized, or the characterization may be biased. A particular oversight 
is the potential for pulsed rewetting responses to occur with tidal inundation, as pulsed 
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responses to precipitation and thawing events are important in many ecosystems (Kim et 
al. 2012). 
In terrestrial ecosystems including woodlands and grasslands, precipitation events 
often lead to pulses of CO2 from microbial respiration (Fierer et al. 2003, Jenerette et al. 
2008, Evans and Wallenstein 2012, Barnard et al. 2015), and pulses can be accompanied 
by a change in microbial community activity (Evans and Wallenstein 2014, Barnard et al. 
2015). A surge of microbial activity induced by a precipitation event can lead to pulses of 
gas emissions or uptake, (Placella et al. 2012, Barnard et al. 2013, 2015). Further, 
individual pulses can constitute a substantial portion of annual flux totals (Kim et al. 
2012). Pulsed changes in CH4 flux have also been observed in many ecosystems, but 
pulse magnitude and direction are variable. Increases and decreases to both net uptake 
and emission have been observed (Kim et al. 2012), implying that the methanogenic 
and/or methanotrophic microbial responses to rewetting depend on multiple factors. The 
rewetting response for N2O flux is typically a positive pulse, and individual pulse events 
can be large enough to impact annual flux by 2-50% (Kim et al. 2012). The N2O pulse 
response has been observed for terrestrial uplands (Goldberg and Gebauer 2009), as well 
as wetlands in field (Goldberg et al. 2010) and laboratory (Dinsmore et al. 2009) studies, 
implying a relatively consistent response across ecosystem types. 
In intertidal ecosystems like salt marshes, the most frequent cause of rewetting 
events is likely to be tidal inundation rather than precipitation. Spartina alterniflora salt 
marshes may be less likely to have a pulse response to either precipitation or tidal 
rewetting because these marshes experience inundation almost daily and therefore do not 
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experience substantial dry down. However, salt marshes on higher ground, particularly in 
the high marsh zone where Spartina patens dominates, can go a week or more with no 
tidal inundation near the neap tide. Around neap tide, sediment moisture and by extension 
oxygen penetration are therefore a function of porewater retention in the sediment (which 
in turn depends on evapotranspiration rate and sediment characteristics like porosity) and 
moisture input from precipitation. If sufficient dry down occurs around neap tide, 
rewetting events in the high marsh, whether from rain or from the first tidal inundation 
after the neap phase, could be associated with pulses of GHGs and shifts in microbial 
activity. Salt marsh GHG balance in the high marsh is therefore likely to be influenced by 




Figure 4.1 Conceptual diagram of expected microbial responses to rewetting. 
When the water table is high (a), anaerobic processes dominate, when the water table is 
low (b), aerobic ones take over. As the water table moves up (c), a pulse of N2O is 
produced, but CH4 production is delayed because more energetically favorable terminal 
electron acceptors (TEAs) are available. 
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The size, nature, and existence of a microbial pulse response to rewetting depends 
on a set of environmental drivers that are distinct from the drivers of baseline flux rates 
(Figure 4.1), and therefore must be considered independently. Quantifying the pulses and 
characterizing their drivers can improve biogeochemical budgets, and is of particular 
interest in the context of global climate change. Since climate change is expected to alter 
the frequency and magnitude of rewetting events as precipitation patterns intensify (IPCC 
2013), the GHGs emitted during rewetting events provide a potential mechanism for 
feedback to climate change.  
Here we report the response of salt marsh microbial communities and GHG fluxes 
to experimentally simulated storm and tidal rewetting events.  Our aims were to 1) 
characterize the magnitude, direction, and nature (e.g., pulsed vs. sustained) of GHG 
emissions following rewetting events, and 2) characterize the total and potentially active 
microbial communities’ responses to rewetting. We performed this experiment at 
contrasting marshes (i.e., sandy vs. peaty) and administered both seawater and rainwater 
to investigate how rewetting response varies by sediment type and water chemistries.  
Methods 
Sites and experimental context 
We collected intact sediment cores from Rough Meadows marsh in Rowley, MA 
and West End marsh in Provincetown, MA in July 2016. These marshes are 
approximately 95 km apart, and have contrasting underlying geology. The Rowley site is 
on the upland side of a broad (2-3 km) marsh protected by a large barrier island. The 
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narrow, well-defined, relatively static marsh creeks there (supplemented with mosquito 
drainage ditches) reveal a deep, relatively homogenous organic peat layer and a very 
level marsh platform. In contrast, the Provincetown marsh is located in an embayment, 
where it is protected by a thin, dynamic sandy coastline that is subject to high wind and 
wave energy from Cape Cod Bay. Marsh creeks there are shallow, broad, and subject to 
moving, and the marsh platform is variable in organic layer depth and elevation, with 
patches of peaty accumulation amid large areas of thinly-covered sand. We collected a set 
of four cores from each of three subsites previously established at each marsh (Chapter 
3). Core collection locations were nested: cores from each set of four were collected 
within 1 m of each other, the sets were collected from subsites spaced ~500 m apart at 
each of two marshes located ~100 km apart.  
Experimental design and treatments 
At total of 24 cores were collected at the end of the neap tide phase, when neither 
rainfall nor tidal inundation had occurred for several days, so the marshes were at their 
driest. Cores were collected with clear PVC tubes 10 cm in diameter by 30 cm tall, and 
the depth of the sediment core itself varied from 15 - 20 cm leaving a 10 - 15 cm 
headspace above the sediment inside the PVC corer. Within 5 hours of collection cores 
were transported to an environmental chamber at Boston University where they were 
incubated at ambient field temp (25 or 28 °C) with a 14 h light /10 h dark cycle for the 
duration of the experiment. Treatments began 48 hours after field collection. Treatment 
designation in each set of four cores was assigned randomly to one of four treatments (n 
= 3): tide (rewetting by simulated tidal inundation), storm (rewetting by a simulated 
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storm event), storm and tide (simulated tidal inundation immediately following a storm 
event), and control (no rewetting).  
The tide treatment was imposed by inserting a micropeizometer along the edge of 
the core to the bottom of the core and injecting site water through the micropeizometer 
over the course of about 5 minutes until the entire sediment volume was saturated. 
Saturating the sediment required between 60 - 200 mL (Table 4.1). Our goal was to 
simulate the first tidal rewetting following a period of neap tide, during which tidal height 
would not exceed the marsh surface. Water was injected from below to simulate 
inundation from below, rather than surface flow across the marsh platform, as this is the 
primary mode of inundation at the study marshes. The site water was collected from 
nearby marsh creeks the day of core collection and was kept in a carboy at site 
temperature until tidal inundation was simulated.  
The storm treatment was imposed by sprinkling 200 mL of rainwater over the 
course of about 10 minutes. This volume of water is the equivalent to a rainstorm of 2 
cm, and this size storm was selected because it approximated the highest rainfall typically 
observed in a 15 minute period at the nearby weather station maintained by the Plum 
Island Ecosystems Long-Term Ecological Research (PIE-LTER) site (Giblin 2015). 
Rainwater was collected at Boston University the week prior to the experiment and was 
stored in a carboy at room temperature until storms were simulated. In the storm and tide 
treatment, the storm was simulated first and then the tide water was injected from below 
until the sediment column was saturated, or until at least 60 mL had been injected (Table 
4.1). 
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Table 4.1 Water additions by treatments (mean ± SE). 
Site Treatment 
Water Added (mL) 
Rain Seawater Total 
Both C 0 0 0 
 S 200 0 200 
Peaty T 0 133 ± 31 133 ± 31 
 ST 200 80 ± 15 280 ± 15 
Sandy T 0 229 ± 36 229 ± 36 
 ST 200 60 ± 0 260 ± 0 
 
GHG flux measurements 
Approximately 24 h after cores were collected, we measured baseline GHG fluxes 
from the sediment in each core with a static chamber approach. We measured GHG 
fluxes again immediately following treatment application (the chamber was sealed and 
the first sample was taken within 2 minutes of finishing the simulated storm and/or tide), 
and at 5, 24, and 48 h following the treatments. In the static chamber method, cores were 
sealed with tight-fitting caps, and over a period of approximately 100 minutes, six 25 mL 
gas samples were extracted by connecting a 60 mL plastic syringe to a sampling port 
stopcock installed in the cap. Each sample was transferred underwater to an Exetainer 
vial for later analysis. Each core was equipped with a 0.5 L tedlar bag filled with ultra-
high purity Helium (UHP He) connected via a port that was opened during sample 
extraction to allow pressure equilibration in the headspace. To quantify any artefact from 
this UHP He infusion, we tested this method on a sealed empty core, and found that it did 
not dilute the headspace enough to obscure flux rates of GHGs. 
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GHG fluxes were measured in the field 13 times during the 2014 growing season 
at the sandy site and 12 times during the 2015 growing season at the peaty site (Chapter 
3). Field fluxes were measured with transparent static chambers placed on permanently 
installed collars. The headspace inside field chambers was sampled 6 times over 35-40 
minutes by inserting a syringe through a rubber septum and injecting the sample into a 
pre-evacuated Exetainer vial (Chapter 3). 
CO2, CH4, and N2O concentrations in each Exetainer vial from both field and lab 
flux measurements were determined with a gas chromatograph (GC-2014, Shimadzu, 
Japan) equipped with a flame ionization detector to measure CH4 and CO2 and an 
electron capture detector to measure N2O. Gas concentrations were determined by 
comparison to standard curves run each day. For the lab experiment, standards for the 
curve were mixed as they were analyzed on the gas chromatograph by diluting a certified 
pre-mixed standard with UHP He in a gas tight syringe. For the field flux measurements, 
standards were mixed and injected into pre-evacuated Exetainers on the day of field 
sampling (Chapter 3) as this allow correction of the residual gas in the Exetainer after 
evacuation. In both cases, gas fluxes were calculated based on the linear change in 
concentration of each gas over time, normalized to the headspace volume and sediment-
headspace interface area. In many cores in the lab experiment, the N2O concentration 
during the initial measurement period following rewetting increased exponentially, 
making linear fits a poor estimation of actual flux rates (Kroon et al. 2008). We therefore 
split N2O flux calculations for this period, and calculated a rate based on the first two 
concentration measurements (at approximately 0 and 20 minutes after rewetting was 
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completed), and the final three concentration measurements (approximately 60, 80, and 
100 minutes after rewetting).  
To facilitate comparisons between gases and sites, gas fluxes were converted to 
CO2-equivalents based on global warming potential (IPCC 2013). Although GWP is a 
problematic metric for most ecosystem studies, it is actually the most appropriate metric 
for a single pulse event such as in this study (Neubauer and Megonigal 2015).  
Microbial community 
We assessed the total and active microbial communities in each soil core by 
quantifying the 16S rRNA gene and 16S rRNA, respectively. After the final GHG flux 
measurement was complete, we collected 1 cm deep sediment plugs with ethanol-rinsed, 
UV-sterilized cut-off 20 mL syringe corers. Sediment plugs were immediately wrapped 
in parafilm and stored at -80 °C until nucleic acid extraction. Nucleic acids were 
extracted, amplified, purified and sequenced as described in detail elsewhere (Chapter 3). 
In brief, samples were flash frozen in liquid nitrogen before co-extraction of DNA and 
RNA, and RNA extracts were reverse transcribed to cDNA after checking for, and 
removing if necessary, any DNA contamination in the RNA. The 16S rRNA region in the 
DNA and cDNA samples was amplified using PCR, purified using gel extraction, and 
sequenced on an Illumina MiSeq platform at the University of Massachusetts Boston 
CPCT Genomics Core. Sequence data was quality filtered with USEARCH. The full data 
set contained operational taxonomic units (OTUs) that were reference based picked 
against GreenGenes database (ver. 13.8) with a similarity threshold of 97% using 
UPARSE, and OTUs from remaining sequences that were denovo picked. Taxonomy was 
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assigned using UCLUST, with any sequences not belonging to the Bacteria or Archaea 
Kingdoms removed. Microbial community samples were normalized by rarefying to a 
depth of 17,400 sequences 10 times and taking the mean of all 10 rarefactions before 
statistical analysis. 
Sediment and porewater 
After the final GHG measurement and microbial community sampling of the 
cores in rewetting experiment, we collected additional sediment to determine gravimetric 
soil water content (SWC) by drying to constant mass at 65 °C, and organic matter content 
by mass loss on ignition (LOI) for 6 h at 500 °C. We also extracted porewater from the 
base of the core to determine dissolved oxygen, salinity, and pH. Porewater was extracted 
from the cores with a micropeizometer connected to acid-rinsed tygon tubing attached to 
acid-washed 60 mL syringes. We used Hach HQd conductivity, pH, and LDO probes 
(Hach, Loveland CO) to quantify the salinity, pH, and dissolved oxygen in unfiltered 
porewater collected in new 50 mL centrifuge tubes. Before sediment sampling, we 
clipped all plant aboveground biomass (AGB) from each core to expose the sediment 
surface. The live and dead plant shoots were separated and dried to constant mass at 65 
°C.  
Field values for SWC, LOI, bulk density, and carbon to nitrogen ratio (C:N) were 
determined on two occasions at each site in 2014 (sandy site) and 2015 (peaty site). C:N 
was determined for the top 3 cm of sediment, and SWC, bulk density, and LOI were 
determined for the top 9 cm of sediment, in three section (0-3, 3-6, 6-9). SWC and LOI 
were determined as in the lab experiment, and bulk density was calculated as the dry 
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mass of the core section divided by its volume. C and N contents were determined with a 
NA-1500 elemental analyzer (Fisons, Ipswich, UK) and C:N as the molar ratio between 
these two values.  
Field values for volumetric water content (VWC), porewater pH, salinity, and 
dissolved nutrients were determined approximately twice a month during the growing 
season at the sandy and peaty field sites during 2014 and 2015, respectively. VWC was 
measured in the top 10 cm of sediment at three locations within each plot with a 
Vegetronix VG-Meter-200. Porewater in the field was drawn from PVC wells using acid-
rinsed tygon tubing attached to acid-washed 60 mL syringes. Salinity and pH of the 
porewater were determined as in the lab experiment. Up to 60 mL of porewater was 
filtered with nitrocellulose filters into duplicate acid-rinsed 30 mL bottles and stored in 
the dark for later dissolved silicate (DSi) measurement. Up to an additional 60 mL of 
porewater was filtered with glass microfiber filters (Whatman GF/F) and frozen for later 
measurements of inorganic nitrogen and phosphorus (nitrate, nitrite, ammonium, and 
phosphate). All nutrient concentrations were determined with a Seal Autoanalyzer 3 (Seal 
Analytical, Inc, Mequon WI) using standard methods (Strickland and Parsons 1977, 
Grasshoff et al. 1983). 
Estimation of pulse contribution to annual N2O flux 
 We constructed a simple model to estimate contribution of rewetting pulses to 
annual salt marsh N2O flux totals. For each site, we calculated total N2O flux during the 
growing season (April-October) as the sum of N2O pulses during rewetting events plus 
baseline N2O flux when the marsh is not pulsing. We used Monte Carlo simulations to 
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account for the variable pulse responses observed in the lab, and to account for inter-
annual variability in the number of rewetting events of each type per growing season and 
in total inundation time for the marsh. In each iteration of the Monte Carlo simulations, 
the numbers of tidal and storm rewetting events were drawn from Poisson distributions 
parameterized by hourly tide gauge and precipitation records at Boston, MA as described 
below. The N2O flux while the marsh was inundated was assumed to be 0, and the 
fraction of the growing season in which the marsh was inundated was drawn from a 
normal distribution parameterized by the tide gauge records as described below. The N2O 
flux during each hour of each rewetting event was drawn from a normal distribution 
parameterized with the lab flux data, and the N2O flux rates for each remaining hour of 
the growing season were drawn from a normal distribution parameterized by lab and field 
flux data. All model calculations were done using R (R Core Development Team 2017). 
We estimated the number of rewetting events per year due to storms and tidal 
inundation from hourly precipitation (NOAA 2014) and tidal height records (Caldwell et 
al. 2015) for the period 1949-2013 in Boston, MA. Rewetting events were inferred when 
sufficient dry-down (defined as minimum of 5 days with no inundation or precipitation 
greater than 0.1 mm) was followed by a storm or tidal inundation between 1 April and 31 
October. We defined inundation as tidal height at the Boston gauge greater than or equal 
to 4100 mm because in situ inundation observations agreed well with inundation 
occurring at this height (with some variation due to meteorological influences and the site 
distance from Boston). In situ water depth observations were made with HOBO water 
level loggers at 10 minute intervals from 19 May 2015 – 9 January 2016 at the peaty site, 
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and at 15 minute intervals from 4 November 2013 – 9 January 2014 and 5 minute 
intervals 18 July 2014 – 6 September 2014 at the sandy site (Chapter 3). We observed a 
significant increase in tidal height of 2.51 mm yr-1 from 1949-2013, and we therefore 
linearly detrended the tidal gauge records before inundation calculations based on the 
assumption that salt marsh elevation increased at the pace of relative sea level rise during 
this time. For each year we also calculated the proportion of time the marsh was 
inundated during the growing season as the proportion of hours Boston tidal height 
exceeded 4100 mm. The mean number of tidal and storm events, and the mean and 
standard deviation of inundation proportion for the 65 years in the dataset were used to 
parametrize the Monte Carlo simulations. 
Following the trends observed in the lab time series, tide pulses at both marshes 
and storm pulses at the peaty marsh lasted 6 h and storm pulses at the sandy marsh lasted 
24 h in the Monte Carlo simulations. Flux rates during each hour of each pulse event 
were drawn from normal distributions with means and standard deviations from the flux 
rates observed for cores taken from that site. Flux rates during the first hour were based 
on the measurements made 1 h after rewetting treatment was applied, flux rates during 
hours 2-6 were based on measurements made at 5 h, and flux rates during hours 7-24 for 
storm pulses at the sandy site were based on measurements made at the 24 h mark. The 
fluxes during each of the remaining hours of the growing season, minus the fraction of 
that time the marsh was inundated, were drawn from a normal distribution with means 
and a standard deviations equal to those observed for all cores prior to rewetting 
treatments plus all observations made in the field.  
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Statistics 
We performed all statistical analysis in R version 3.4.3 (R Core Development 
Team 2017). Unless otherwise noted, statistical significance refers to a p-value less than 
0.05. We used linear mixed model restricted maximum likelihood (REML) estimation 
with function lmer from R library lme4 (Bates et al. 2015) to test for differences between 
sites, treatments, and time points in the net flux of each GHG and porewater, sediment, 
and vegetation characteristics. We also calculated the integrated GHG flux over hours 0-
5, 0-24, and 24-48 after treatment application, and used REML mixed models to test for 
differences between sites and treatments in each integrated flux. Site, treatment, (and 
time point, for non-integrated GHG fluxes) were fixed factors, and the experimental 
block where the core was collected was a random factor. When model fixed factors were 
significant, we conducted post hoc pairwise comparisons of factor levels adjusting p-
values for the false discovery rate (Storey 2010). CH4 fluxes were log-transformed prior 
to model fitting.  
We used non metric multidimensional scaling (NMDS) to visualize the entire 
dataset and the total and active microbial communities, and we calculated linear fits of 
environmental variables (AGB, sediment LOI, and porewater salinity, pH, and dissolved 
oxygen) to the total and potentially active community NMDSs using envfit and assessed 
fit significance with permutation tests. We used permutational multivariate analysis of 
variance (perMANOVA; adonis2 in R library vegan (Oksanen et al. 2016) with 9999 
permutations) to test for differences between the total and active communities, and 
between sites, subsites, and treatments within the entire dataset and the total and active 
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communities. We used hierarchical clustering (hclust in R library vegan) to group 
samples by similarity within the total and active communities.  
Results 
Sediment parameters 
In situ measurements show that the two sites were distinct for many sediment and 
porewater parameters, but had similar greenhouse gas fluxes (Figure 4.2). Many 
parameters were more variable at the sandy site, both between and within subsites, than 
they were at the peaty site. In general, the 3 subsites at the peaty marsh were similar to 
one another for most variables measured. Within the sandy marsh, subsites 1 and 3 were 
statistically similar for all variables, but subsite 2 was in many cases similar to the peaty 
site or was intermediate between typical peaty site values and typical sandy subsite 1 and 
subsite 3 values.  
There were no differences between rewetting treatments for the sediment, 
porewater, and vegetation characteristics we measured at the conclusion of the 
experiment (Table 4.2). Cores from the sandy site had significantly higher porewater pH 
and DO, and significantly lower sediment LOI than cores from the peaty site, but 
porewater salinity and biomass were similar in cores from both sites.  
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Figure 4.2 Field measurements. 
Summary of data from field sites including in situ greenhouse gas flux measurements, 
sediment volumetric water content (VWC), and porewater parameters (salinity (PSU), 
pH, and dissolved nutrients) measured twice a month during the growing season at neap 
and spring tidal extremes. Porewater parameters are pooled across tidal extremes for 
clarity. Sediment parameters in the top 9 cm (or 3 cm, for C:N) were measured in the 
spring and fall from sediment cores. Each boxplot shows the median, interquartile range, 
and whiskers show the range of points that fall within 1.5 times the interquartile range. 
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Table 4.2 Core characteristics at the end of the rewetting experiment.  
Sediment water content (SWC), sediment organic content as loss on ignition (LOI), 
porewater salinity, pH and dissolved oxygen (DO), and total aboveground biomass 
(AGB) are expressed as mean ± SE. Treatments were control (C), storm rewetting (S), 









Peaty C 83.8 ± 0.3 48.6 ± 1.1 31.2 ± 0.8 5.9 ± 0.3 2.6 ± 2.2 452 ± 141 
 S 84.9 ± 1.0 51.7 ± 3.1 30.1 ± 2.4 5.7 ± 0.1 1.3 ± 0.7 868 ± 380 
 T 84.3 ± 0.4 45.9 ± 3.0 30.9 ± 1.8 6.5 ± 0.3 1.3 ± 0.7 1055 ± 194 
 ST 85.4 ± 0.3 50.4 ± 2.4 30 ± 2.5 5.9 ± 0.1 0.9 ± 0.3 425 ± 215 
Sandy C - 12.5 ± 4.9 - - - 645 ± 98 
 S - 10.6 ± 9.1 29.2 ± 4.2 6.2 ± 0.6 3.6 ± 1.4 910 ± 280 
 T - 11.3 ± 6.2 36.6 ± 0.8 6.7 ± 0.1 2.7 ± 0.7 492 ± 115 
 ST - 16.0 ± 7.8 30.2 ± 2.6 6.6 ± 0.05 1.8 ± 0.8 920 ± 244 
 
Microbial community 
More than 90% of the total and active microbial communities were composed of 
taxa from 11 phyla (Figure 4.3). Half or more of the taxa at both sites, and in both the 
active and total communities, were members of the Alpha-, Gamma- or Delta-
Proteobacteria (Figure 4.3), with higher relative abundance of Proteobacteria in the active 
community compared to the total community across samples. Samples from the peaty site 
tended to have higher relative abundances of Chlorobi, Gammapoteobacteria, and 
Deltaproteobacteria, while samples from the sandy site had higher abundances of 
Crenarcheota, Actinobacteria, and Bacteriodetes (Figure 4.3). Several samples at the 
sandy site – in particular the control (not-rewetted) cores from subsites 2 and 3, and all 
rewetting treatments from subsite 1 – had much higher relative abundances of the 
Cyanobacteria order Oscillatoriales in the active community relative to the total 
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community (Figure 4.3). The hierarchical clustering of both the total and potentially 
active microbial communities approximated site and subsite groupings (Figure 4.3). 
Samples from subsite 2 at the sandy site clustered with the peaty site rather than the other 
sandy subsites. There were significant differences between microbial communities (total 
vs potentially active) and between sites and subsites within each community (Table 4.3). 
There were no microbial community differences between rewetting treatments (Table 
4.3). Microbial communities at the sandy site were more variable between samples and 
subsites than they were at the peaty site (Figure 4.4, Table 4.3). In addition, microbial 
community was more different between sites than between the total and potentially active 
communities (Table 4.3). Linear fits to the total and potentially active communities 
(Figure 4.4) revealed that sediment LOI and DO were significantly related to both active 
and total microbial communities, but AGB, salinity, and pH were not (Table 4.4). 
 
Table 4.3 Results of perMANOVA tests for microbial community differences. 
Site Predictor Degrees of freedom F-statistic p-value 
Both Community 1 7.80 <.001 
 Site 1 12.59 <.001 
 Subsite 5 3.31 <.001 
 Treatment 3 1.26 0.13 
Peaty Community 1 8.09 <.001 
 Subsite 2 2.01 0.012 
 Treatment 3 1.01 0.42 
Sandy Community 1 4.03 <.001 
 Subsite 2 4.37 <.001 
 Treatment 3 1.32 0.10 
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Figure 4.3 Total and active microbial communities. 
Stacked bar plots showing community composition of the total (left) and active (right) 
microbial communities in the sediment. Composition is shown at the phylum level with 
the phylum Proteobacteria subdivided by class. Dendrograms above the barplots show 








































































Figure 4.4 Nonmetric multidimensional scaling of microbial communities. 
Nonmetric multidimensional scaling of total (left, center) and potentially active (left, 
right) microbial communities, with linear fits of environmental variables (arrows on 
center and right plots) to the communities. Red arrows indicate statistically significant 
fits of environmental variables. 
 
 
Table 4.4 Linear fit results for environmental variables. 
Linear fit results for environmental variables (loss on ignition (LOI), dissolved oxygen 
(DO), salinity, pH, aboveground biomass (AGB)) to microbial community NMDS. The 
squared correlation coefficient (r2) and its significance (p) as determined by permutation 
tests were calculated with envfit (R: vegan). 
Variable 
Total  Potentially Active 
r2 p   r2 p 
LOI 0.88 <.001  0.80 <.001 
DO 0.26 0.042  0.30 0.024 
Salinity 0.03 0.72  0.09 0.37 
pH 0.21 0.08  0.16 0.16 
AGB 0.12 0.28  0.06 0.50 
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Greenhouse gas fluxes 
CO2 fluxes ranged from 0.9 – 11.2 µmol m-2 s-1 over the course of the experiment, 
and no net uptake was observed. Before treatments were applied, CO2 flux was on 
average 4.8 ± 0.4 µmol m-2 s-1 across treatments at the peaty site and 5.5 ± 0.7 µmol m-2 
s-1 across treatments at the sandy site (Figure 4.5). The CO2 flux 24 h prior to rewetting 
was significantly higher than at all other time points (Table 4.5). A significant treatment 
by site interaction effect in the mixed model indicates that treatment differences varied by 
site (Table 4.5), and reflects that fact that the storm treatment was significantly different 
from control at the sandy site, but not at the peaty site. Post hoc pairwise comparisons 
showed that CO2 fluxes in control treatment cores from the two marsh sites were similar, 
and significantly greater than all treatments at the sandy site, and the tide and storm & 
tide treatment at the peaty site. The storm treatment at the peaty site was the only 
rewetted treatment not different from control, and it was greater than the storm & tide 
treatment at same site and the tide treatment at the sandy site. The total CO2 emitted over 
the first 24 hours in the tide and storm & tide treatment cores was less than control 
(Figure 4.6). Over hours 24-48, all three rewetted treatments emitted less CO2 than 
control. 
Over the course of the experiment, CH4 fluxes ranged from -0.48 to 20.42 µmol 
m-2 hr-1 at the peaty site and from -0.71 to 1.64 µmol m-2 hr-1 at the sandy site. Before 
treatments were applied, CH4 flux across treatments in cores from the peaty site was 0.41 
± 0.17 µmol m-2 hr-1 (mean ± standard error) and this site was a statistically significant (t-
test, p = 0.03) source of CH4 to the atmosphere (Figure 4.5). In cores from the sandy site, 
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the flux was -0.27 ± 0.06 µmol m-2 hr-1 (mean ± standard error) and this site was a net 
sink of CH4 (t-test, p < 0.001). Over the course of the experiment, CH4 flux in all 
treatments tended to increase at both sites, and time was a significant effect in the mixed 
model (Table 4.5). Across sites and treatments the CH4 flux at 48 h post treatment was 
significantly greater than the flux prior to treatment application and the flux at 5 h after 
treatment. 48 h after rewetting at the sandy site, the mean CH4 fluxes in the two rewetting 
treatments that received tidal inundation switched from sink to source (Figure 4.5). The 
total CH4 emitted over the first 5 hours after rewetting was similar across sites and 
treatments, but the total for the first 24 hours, and for hours 24-48 was greater at the 
peaty site than the sandy site (Figure 4.6). 
 
Table 4.5 Linear mixed model results. 
Significance (p-values) of mixed model factors for GHG fluxes over the course of the 
experiment. Treatment has 4 levels (control, storm, tide, and storm & tide), time point has 
5 levels (24 hours before treatment was applied and 0, 5, 24 and 48 hours afterward) and 
site has two levels (sandy or peaty). p-values less than 0.05 are shown in bold face type. 
Factor CO2 CH4 N2O 
Treatment (T) <.001 0.23 0.001 
Time Point (t) <.001 0.020 <.001 
Site (S) 0.95 <.001 0.046 
T*t 0.80 0.98 0.096 
T*S 0.049 0.082 0.71 
t*S 0.64 0.64 0.14 




Figure 4.5 Time series of gas fluxes over the three-day incubations. 




Figure 4.6 Integrated gas flux. 
Integrated gas flux during the first 5 h, the first 24 h, and the second 24 h following 
rewetting. Error bars show standard deviation of the mean (n = 3). Bars that do not share 
a letter in common are significantly different (p < 0.05). Significant differences in total 
fluxes between sandy and peaty sites are indicated with *Site. 
 
N2O fluxes ranged from -0.31 to 3.58 µmol m
-2 hr-1 at the peaty site and -0.68 to 
4.84 µmol m-2 hr-1 at the sandy site over the course of the experiment. The N2O flux 
across all cores before treatments were applied was 0.12 ± 0.08 µmol m-2 hr-1 at the peaty 
site and -0.08 ± 0.09 at the sandy site (Figure 4.5). Neither site had a mean flux 
significantly different from 0 (t-test, p > 0.05) before treatments were applied. 20-40 
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minutes after rewetting, N2O emission in 4 of the 6 cores in the tide treatment and 4 of 
the 6 cores in the storm treatment increased, and emission continued to accelerate until at 
least 100 minutes after rewetting. Because these increases began mid-way through a 
static chamber measurement, we calculated two N2O flux rates for this incubation: one 
based on the initial two concentration measurements at 0 and ~20 minutes, and another 
based on the final 3 concentration measurements at approximately 60, 80, and 100 
minutes. Flux rates at 0-20 minutes were indistinguishable from the baseline flux rates 24 
h prior, but flux rates at 60-100 minutes were an order of magnitude higher (Figure 4.5). 
In peaty site cores, N2O emission was greatest 1 h after rewetting, had begun to decrease 
by 5 h after rewetting, and had returned to baseline by 24 h after rewetting. Among peaty 
site cores the pattern over time was similar in the storm and tide treatments, but the 
magnitude of the increase was larger in the tide treatment. At the sandy site, N2O 
emissions continued to increase for at least 5 h after rewetting in both the tide treatment 
and storm treatment. At the sandy site, N2O flux in the tide treatment had returned to 
baseline by 24 h, but remained elevated longer and did not return to baseline until 48 h in 
the storm treatment. No pulse was detected in the storm & tide treatment at either site. 
The tide treatment at both sites emitted significantly more N2O than the control or storm 
and tide treatment over the first 5 hours after rewetting, but the 0-24 h and 24-48 h 
integrated totals were similar across treatments and greater for the sandy site than the 
peaty site (Figure 4.6). 
One core in the storm treatment at the peaty site emitted a large pulse of all three 
GHGs immediately upon rewetting. This core was the only one out of 24 cores (18 
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rewetted) to emit CO2 or CH4 with a pulse-like pattern (Figure 4.5). This pulse contained 
11.2 µmol m-2 s-1 of CO2, 20.4 µmol m
-2 hr-1 of CH4, and 1.37 µmol m
-2 hr-1 of N2O.  
 
 
Figure 4.7 Estimated emissions contributions. 
Estimated contribution of N2O emissions from tide and rainstorm rewetting pulses and 
from non-pulse (baseline) emissions. Time series plots are the median (and 95% interval) 
across 20,000 Monte Carlo simulations for the number of rewetting events and 
inundation periods calculated to have occurred in each year 1949-2013 based on rainfall 
and tidal records, and the distributions of flux rates observed in the lab. The 95%ile 
interval of the Monte Carlo simulation estimates are indicated by white lines below 
(2.5%ile) and color lines above (97.5%ile) each contributor. Violin plots show total 
annual flux and flux contributions from pulse and non-pulse sources across 20,000 Monte 
Carlo simulations where the number of rewetting events and the inundation periods were 





















































































According to the Monte Carlo estimation of N2O flux contributions, median 
annual emissions from tidal rewetting pulses are 47.0 mmol m-2 at the peaty site and 96.0 
mmol m-2 at the sandy site (Figure 4.7), comprising 39.9% (central 95%ile range 16.3 - 
67.9%) and 52.8% (21.9 - 90.5%) of the annual totals respectively. Median annual storm 
pulse contribution at the peaty site was 1.8 mmol m-2, or 1.5% (0 - 7.2%) of the total, 
compared to 34.9 mmol m-2, or 19.4% (0 – 54.7%) at the sandy site. Baseline (non-pulse) 
N2O emissions were 69.3 and 48.6 mmol m
-2 at the peaty and sandy sites respectively 
(Figure 7). Between 1949 and 2013, the calculated number of storms ranged from 7 to 17 
each growing season, but no more than 4 storms per year were considered to cause a 
pulse because of their timing during the tidal cycle. In 21 of the 65 years, no storms were 
considered to produce a pulse. In each year, there were at least 3, and as many as 11, tidal 
rewetting events that would cause a pulse, with the variability apparently coming from 
the alignment and interaction of multiple tidal harmonic constituents. 
Net radiative forcing 
For each core we calculated the net change in flux rates relatively to baseline (flux 
at t = -24 h) over the first 24 hours following the rewetting event, and converted the value 
for each gas to CO2 equivalents using global warming potential values. The net change in 
radiative forcing relative to baseline flux rates was negative (indicating net cooling) for 
all rewetting treatments at both sites (Figure 4.8), and was significantly different from 0 
for the tide treatment at both sites and also the storm & tide treatment at the peaty site (t-
tests, p < 0.05). The contribution to total radiative forcing from CH4 and N2O were 
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smaller than the contributions from CO2. N2O had a warming effect in all treatments 




Figure 4.8 Pulse global warming potential. 
Net change in GHG flux relative to baseline (t = 0) flux measurements over the first 24 
hours after rewetting, expressed as CO2 equivalents (bars), and the resulting overall 




In our experiment, the CO2 response to rewetting in cores from both sites was a 
~50% drop in CO2 emission. The reduction in CO2 emission due to rewetting was 
immediate, sustained, and similar for all 3 rewetting treatments, with the exception of one 
core from the peaty site in which a pulse was detected. By the end of the experiment, 
mean CO2 flux in all cores had dropped or remained steady relative to baseline (Figure 
4.5). However, while CO2 flux from the control treatment cores remained steady (peaty 
site cores) or dropped at a steady rate (sandy site cores), the pattern for rewetted 
treatment cores was a quick drop followed by recovery towards (peaty site cores) or 
levelling off below (sandy site cores) the baseline flux rate (Figure 4.5). This response is 
consistent with recent findings by other groups that microbial respiration decreases after 
precipitation events in coastal wetlands (Han et al. 2018). A decrease in CO2 flux 
contrasts with the increase found in most terrestrial ecosystems (Kim et al. 2012).  
Overall, the observed patterns in CO2 fluxes are consistent with an optimal moisture 
content for aerobic respiration that lies above or near the high end of the typical terrestrial 
moisture range, but below or near the low end of that of waterlogged marsh sediments.  
In our experiment, baseline CO2 emissions from both sandy and peaty cores were 
of a similar magnitude, and the rewetting response was of a similar magnitude, indicating 
that both dry period and wet period CO2 emissions were generally similar regardless of 
sediment type. However, while the peaty control core CO2 emissions remained relatively 
constant throughout the experiment, the sandy control core emissions steadily decreased. 
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The control core decrease, while statistically significant, lies within the range of baseline 
CO2 fluxes measured for all cores and therefore may be the result of natural stochasticity. 
If the decline is biologically meaningful, it would be the result of declining emission, 
increased uptake, or both. Rapidly declining respiration as a result of labile organic 
matter depletion is unlikely within a 72 h period, and in the absence of water additions 
there is no mechanism to explain how a respiration decline would result from oxygen 
depletion. It is possible that respiration in these cores was actually increasingly water 
limited as sandy sediment holds water poorly, and we were unable to extract any 
porewater from these cores at the conclusion of the experiment, indicating they were 
quite dry.  
Although these cores retained their aboveground biomass, increasing uptake by 
plants seems unlikely since photosynthesis conditions (temperature, humidity, light) were 
very stable in the environmental chamber and, except for measurement at hour 5 after 
rewetting, all measurements (hours -24, 0, 24, and 48) were made at the same time of 
day. It is however possible that autotrophic microbes, and cyanobacteria in particular, 
contributed to the change in net CO2 emissions over time. This idea is supported by the 
apparent proliferation of cyanobacteria in some of the drier sandy site cores. 
Cyanobacteria photosynthetic pigments are optimized to make use of the filtered light 
spectra available at various depths underwater, rather than the wavelengths found in full 
sun (Croce and Van Amerongen 2014). Cyanobacteria likely “bloomed” in some cores 
because of the shifted light spectrum (relative to the sun) produced by the florescent 
lights in the environmental chamber. The bloom was restricted to some of the driest cores 
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where aerobic conditions were present. 
The net fluxes of GHGs in a salt marsh depend on the relative rates of 
microbially-mediated production and consumption processes, as well as the potentially 
intricate way these processes interact with one another over time and space. For example, 
since aerobic respiration is more efficient than anaerobic alternatives, a thicker layer of 
oxygenated sediment should increase CO2 emissions, while favorable conditions for 
autotrophs should increase CO2 uptake, if all else is equal. In this experiment, net CO2 
flux was a relatively simple function of consumption and production processes and the 
microhabitats that support each set of processes. The intricate pulse responses in 
terrestrial ecosystems occur because water becomes limiting to microbial respiration 
during dry down. This sets the stage for a short period of relatively unrestrained growth 
when the water limitation is removed and microbes can make use of the other potentially 
limiting metabolic substrates that accumulated unused during the dry down phase. 
CH4 
As with CO2, salt marsh CH4 emissions can depend on the thickness of the 
aerobic sediment layer and the resulting ratio of consumption and production processes. 
Nearly all CH4 production in soils and sediments occurs in deep anaerobic layers or 
anaerobic microsites, while the majority of CH4 oxidation occurs at the oxygenated 
surface (Bridgham et al. 2013).  Therefore, net salt marsh emissions of CH4 may be 
inversely correlated with the thickness of the aerobic surface layer, because that surface 
layer oxidizes any CH4 produced deeper in the sediment column before it can enter the 
atmosphere (Figure 4.1a-b). However, in other cases, net CH4 emissions might depend on 
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the cycle of drying and re-wetting of sediments. Upon drying, oxygen and many 
alternative terminal electrons acceptors in the soil column (e.g. nitrate, iron, magnesium) 
are replenished, and upon rewetting, the availability of these more energetically-favorable 
terminal electron acceptors will delay methanogenesis until they are depleted again 
(Laanbroek 2010). Therefore, if drying and rewetting cycles occur more frequently than 
the refractory period for methanogenesis, the wet-dry cycle may suppress CH4 emission 
indefinitely.  
With the exception of one core at the peaty site (storm treatment in subsite 3), we 
observed no change in CH4 flux immediately following any rewetting treatment from 
peaty or sandy marsh cores. Instead, there was a slow increase in emissions over time for 
both sediment types. CH4 increased towards the end for all treatments in both core types, 
including non-rewetted control cores, likely because terminal electron acceptors were 
becoming depleted. While CH4 fluxes for these sites can be both positive and negative in 
the field (Figure 4.2), the peaty site is normally a small source for CH4, while the sandy 
site is a small sink. In the lab, CH4 emissions from peaty site cores were somewhat 
depressed for all rewetted treatments relative to controls (Figure 4.5). By 48 h after 
rewetting, the sandy site tide and storm & tide treatment cores had shifted from sinks to 
small sources of CH4, although they were not significantly different from the other 
treatments. If the experiment had been carried on past 48 h, this divergence might have 
continued to the point where the greater emissions from tide and storm & tide treatments 
was statistically and biologically significant.  If this is the case, and CH4 fluxes were just 
beginning to increase at the 48 h mark, it suggests that other terminal electron acceptors 
 165 
were not exhausted until 24 – 48 h after the rewetting event occurred. The beginnings of 
a delayed response such as this supports the findings by others that CH4 emission 
response to rewetting is subject to a lag while more energetically favorable terminal 
electron acceptors are depleted (Laanbroek 2010). However, increased CH4 emission 
from cores that received seawater, but not rainwater, is the opposite of what we expected, 
as sulfate-rich seawater should suppress methanogenesis. An explanation for this could 
be a greater severity of waterlogging and therefore increased anaerobic metabolism in the 
tide and storm & tide treatments because they received a greater volume of water (Table 
4.1).  
N2O 
Fluxes of N2O are particularly susceptible to rewetting, with a major percentage 
of N2O production in some ecosystems potentially occurring following a single rewetting 
event (Kim et al. 2012). A pulse of N2O emission may occur in salt marshes after dry 
sediment is rewetted due to metabolic pathway switches by two separate groups of 
bacteria and archaea: nitrifiers and denitrifiers (Figure 4.1c). As oxygen is depleted upon 
sediment rewetting, nitrifiers switch from a metabolic pathway that produces only small 
quantities of N2O as a byproduct, to the alternative nitrifier denitrification pathway where 
N2O is the main end product (Wrage et al. 2001, Kool et al. 2011). Concurrently, 
denitrifiers cease (N2O-neutral) aerobic respiration as oxygen is depleted and instead rely 
on (N2O-producing) respiration of nitrate that accumulated from nitrification while the 
sediment was aerobic. When nitrate is exhausted, the heterotrophic denitrifiers return to 
the typical baseline for low-nutrient salt marshes: (N2O-consuming) respiration of 
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atmospheric N2O (Moseman-Valtierra et al. 2011). The size of the N2O pulse may 
depend on the speed at which oxygen in the sediment is exhausted – a slow drop in 
oxygen may allow protracted hypoxia and nitrifier denitrification. The size of the N2O 
pulse, as well as the baseline N2O net flux direction, also depend on the availability of 
substrates for nitrification and denitrification and therefore depend on the nutrient loading 
status of the marsh (Kieskamp et al. 1991, Moseman-Valtierra et al. 2011). 
In our experiment, the baseline N2O flux was similar for cores from both sites, 
and the initial timing and nature of the rewetting pulse was similar among the two-thirds 
of rewetted cores (from both sites and from all rewetted treatments) that had an N2O 
pulse response. In all pulsing cores, there was an acceleration of N2O production 
beginning between 20-40 minutes after rewetting. However, the timeline for recovery 
from pulse to baseline flux rates differed between sites. Cores from the sandy site took 
longer to recover, with the flux rate remaining high for 24 h or longer in some cases. In 
contrast, cores from the peaty site were already beginning to return to baseline flux rates 
at 5 h after rewetting, and all had completely returned to baseline by 24 h. The 20-40 
minute delay between rewetting and when the N2O pulse began suggests N2O was pulsed 
out after oxygen was depleted, probably as nitrifiers switched to nitrifier denitrification. 
We speculate that the N2O pulse was of shorter duration at the peaty site because the 
dense organic sediments quickly became too anoxic even for nitrifier denitrification, 
and/or because there was less nitrate available there so denitrifiers were compelled to 
scavenge N2O sooner. In contrast, cores from the sandy site, especially those in the storm 
treatment, had a slower building, longer duration pulse of N2O. We speculate that this 
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was because the sediment was not as saturated, it therefore took longer for oxygen to be 
depleted throughout the soil column, and there was a longer period of sustained hypoxia 
and nitrifier denitrification than at the peaty site. 
Microbial community structure  
We hypothesized that the total microbial community in both marshes would 
remain relatively stable after a single rewetting event. However, as sediment conditions 
shifted and became anoxic, necessitating metabolic shifts to anaerobic metabolism for 
many microbes, we hypothesized that the active microbial community would change in 
rewetted cores and be distinct from control cores at the conclusion of the experiment. 
Consistent with our first hypothesis, total microbial communities were not influenced by 
rewetting treatment in cores from either marsh. Instead, these communities were 
structured by sediment type, with organic content (LOI) being the strongest predictor of 
microbial community beta diversity (Figure 4.4). Either organic content itself, or organic 
content as an indicator of sediments prone to waterlogging, was a strong indicator of 
community structure across sites and across subsites within the sandy site. In contrast to 
our second hypothesis, potentially active microbial community structure was not affected 
by rewetting treatment in cores from the peaty marsh. 
Rewetting experiments in soils from terrestrial ecosystems have shown that soil 
microbial communities can become accustomed to rainfall extremes and respond less 
strongly to rewetting events (Evans and Wallenstein 2012). Microbial communities in 
intertidal communities like salt marshes are never without the extremes of tidal 
inundation, and may therefore be accustomed to moisture extremes and less sensitive to 
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rewetting events. However, stable community structure, even among the active 
community, does not preclude changes in net ecosystem processes if individual microbes 
adjust to changing conditions by, for example, shifting between aerobic and anaerobic 
metabolic pathways or using the nitrifier denitrification pathway. 
Pulse contribution to annual N2O totals 
N2O pulses emitted by salt marshes after storms and tidal inundations that return 
the sediment to a waterlogged state are likely a major contributor to annual fluxes of 
N2O. Out of 225 separate measurements made in the field, we observed a flux rate 
exceeding 1 µmol m-2 hr-1 on only on occasion. But, during our rewetting experiment 9 
out of 18 rewetted cores exceeded this value at some point during the 24 hours following 
rewetting, and 4 of the 18 exceeded triple this level. In the field, and in the lab prior to 
rewetting, the mean flux rates of N2O were not significantly different from zero at either 
site, which suggests that rewetting pulse emissions could constitute the majority or the 
entirety of the annual N2O flux from these marshes.  
To estimate the relative contribution of N2O pulses to annual N2O emissions 
totals, we built Monte Carlo simulation models to estimate annual fluxes for 1949-2013 
based on the number of rewetting events in each of those years, and to obtain an overall 
flux estimate based on interannual variability of rewetting event incidence observed in 
this period. In our simulation, rewetting pulses accounted for more than 40% of the 
annual flux from the peaty site and more than 70% of the annual flux from the sandy site. 
At both sites, N2O pulses triggered by tidal rewetting were a major constituent of annual 
totals, but the contribution was slightly larger for the sandy site due to the stronger pulse 
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response observed there during the lab experiment. In addition to being larger in absolute 
magnitude, it was also a larger relative contributor because the baseline N2O flux at the 
sandy site was lower than at the peaty site. Indeed, although the central 95%ile of 
simulation estimates for baseline emissions was positive for the peaty site, the lower 
bound of this interval for the sandy site was negative (Figure 4.7). The tidal contribution 
was more variable than the baseline contribution, because the incidence of tidal rewetting 
events was variable from year to year.  
At the peaty site, rainstorm-triggered pulses were responsible for a negligible 
amount of N2O emission, but at the sandy site the rainstorm contribution was substantial, 
and highly variable (Figure 4.7). This difference is attributable to the sustained nature of 
the storm pulse as we observed it for the sandy site (Figure 4.5). Although the magnitude 
of the initial pulse peak, and the total N2O emitted during the first 5 hours after rewetting, 
was similar at both sites, the total emitted over the first two days was much greater at the 
sandy site (Figure 4.6). Because of the variability in the number of storm events per year, 
there were some years in the 1949-2013 simulation in which no storms, and therefore no 
storm-triggered pulse, occurred, and other years in which the contribution from storm-
triggered pulses exceeded that of the baseline contribution and was similar to the tidal 
contribution. The overall variability in storm-pulse contribution was closely related to the 
interannual variability in the number of storms (Figure 4.7, violin plots), making the 
number of events a more important determinant of pulse contribution than the size of the 
pulse response in our simulation. 
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Conclusions 
N2O emission pulses following rewetting events only partially offset the net 
cooling effect of CO2 emission reductions that occur because of the wet conditions 
(Figure 4.8). However, over the first 24 hours after rewetting the contribution of N2O to 
radiative forcing was not insignificant. Therefore, N2O pulse responses should be 
constrained to improve coastal nitrogen budgets and radiative forcing calculations for salt 
marsh sediments. Accurate modelling of N2O flux may be complicated if it is mostly or 
entirely a function of the incidence of rewetting events. The phenomenon of rewetting in 
salt marshes is variable due to the interaction of multiple tidal harmonic constituents plus 
precipitation patterns, leading to a variable number of rewetting events each year. The 
baseline flux rate is also uncertain, though it seems to be low and possibly net zero. 
Although the number of events is variable, there was a relatively similar response to 
rewetting in cores from both marshes in this study, despite very different sediment 
conditions and distinct microbial communities. This means that constraining the 
incidence of rewetting events could be more challenging than constraining the response 




Barnard, R. L., C. A. Osborne, and M. K. Firestone. 2013. Responses of soil bacterial and 
fungal communities to extreme desiccation and rewetting. ISME Journal 7:2229–
2241. 
Barnard, R. L., C. A. Osborne, and M. K. Firestone. 2015. Changing precipitation pattern 
alters soil microbial community response to wet-up under a Mediterranean-type 
climate. ISME Journal 9:946–957. 
Bates, D., M. Maechler, B. Bolker, and S. Walker. 2015. Fitting linear mixed-effects 
models using lme4. Journal of Statistical Software 67:1–48. 
Bridgham, S. D., H. Cadillo-Quiroz, J. K. Keller, and Q. Zhuang. 2013. Methane 
emissions from wetlands: Biogeochemical, microbial, and modeling perspectives 
from local to global scales. Global Change Biology 19:1325–1346. 
Caldwell, P. C., M. A. Merrifield, and P. R. Thompson. 2015. Sea level measured by tide 
gauges from global oceans — the Joint Archive for Sea Level holdings (NCEI 
Accession 0019568). NOAA National Centers for Environmental Information. 
Croce, R., and H. Van Amerongen. 2014. Natural strategies for photosynthetic light 
harvesting. Nature Chemical Biology 10:492–501. 
Dinsmore, K. J., U. M. Skiba, M. F. Billett, and R. M. Rees. 2009. Effect of water table 
on greenhouse gas emissions from peatland mesocosms. Plant and Soil 318:229–
242. 
Evans, S. E., and M. D. Wallenstein. 2012. Soil microbial community response to drying 
and rewetting stress: Does historical precipitation regime matter? Biogeochemistry 
109:101–116. 
Evans, S. E., and M. D. Wallenstein. 2014. Climate change alters ecological strategies of 
soil bacteria. Ecology letters 17:155–64. 
Fierer, N., J. P. Schimel, and P. A. Holden. 2003. Influence of drying-rewetting 
frequency on soil bacterial community structure. Microbial Ecology 45:63–71. 
Giblin, A. E. 2014. Long Term Ecological Research Network: Plum Island Ecosystems 




Goldberg, S. D., and G. Gebauer. 2009. Drought turns a Central European Norway spruce 
forest soil from an N2O source to a transient N2O sink. Global Change Biology 
15:850–860. 
Goldberg, S. D., K. H. Knorr, C. Blodau, G. Lischeid, and G. Gebauer. 2010. Impact of 
altering the water table height of an acidic fen on N2O and NO fluxes and soil 
concentrations. Global Change Biology 16:220–233. 
Grasshoff, K., M. Erhardt, and K. Kremling. 1983. Methods of Seawater analysis. Second 
edition. Wiley-VCH. 
Han, G., B. Sun, X. Chu, Q. Xing, W. Song, and J. Xia. 2018. Precipitation events reduce 
soil respiration in a coastal wetland based on four-year continuous field 
measurements. Agricultural and Forest Meteorology 256–257:292–303. 
IPCC. 2013. Climate Change 2013: The Physical Science Basis. Contribution of Working 
Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change. Page (T. F. Stocker, D. Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J. 
Boschung, A. Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds.). Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA. 
Jenerette, G. D., R. L. Scott, and T. Huxman. 2008. Whole ecosystem metabolic pulses 
following precipitation events. Functional Ecology 22:924–930. 
Kieskamp, W., L. Lohse, E. Epping, and W. Helder. 1991. Seasonal variation in 
denitrification rates and nitrous oxide fluxes in intertidal sediments of the western 
Wadden Sea. Marine Ecology Progress Series 72:145–151. 
Kim, D. G., R. Vargas, B. Bond-Lamberty, and M. R. Turetsky. 2012. Effects of soil 
rewetting and thawing on soil gas fluxes: A review of current literature and 
suggestions for future research. Biogeosciences 9:2459–2483. 
Kool, D. M., J. Dolfing, N. Wrage, and J. W. Van Groenigen. 2011. Nitrifier 
denitrification as a distinct and significant source of nitrous oxide from soil. Soil 
Biology and Biochemistry 43:174–178. 
Kroon, P. S., A. Hensen, W. C. M. Van Den Bulk, P. A. C. Jongejan, and A. T. 
Vermeulen. 2008. The importance of reducing the systematic error due to non-
 173 
linearity in N2O flux measurements by static chambers. Nutrient Cycling in 
Agroecosystems 82:175–186. 
Laanbroek, H. J. 2010. Methane emission from natural wetlands: Interplay between 
emergent macrophytes and soil microbial processes. A mini-review. Annals of 
Botany 105:141–153. 
Mcleod, E., G. L. Chmura, S. Bouillon, R. Salm, M. Björk, C. M. Duarte, C. E. Lovelock, 
W. H. Schlesinger, and B. R. Silliman. 2011. A blueprint for blue carbon: Toward 
an improved understanding of the role of vegetated coastal habitats in sequestering 
CO2. Frontiers in Ecology and the Environment 9:552–560. 
Millenium Ecosystem Assessment. 2005. Ecosystems and human well-being: Synthesis. 
Island Press, Washington, DC. 
Moseman-Valtierra, S. 2012. Reconsidering climatic roles of marshes: Are they sinks or 
sources of greenhouse gases? Pages 1–48 in Demarco C Abreu and S. L. De 
Borbon, editors. Marshes: Ecology, Management and Conservation. 
Moseman-Valtierra, S., R. Gonzalez, K. D. Kroeger, J. Tang, W. C. Chao, J. Crusius, J. 
Bratton, A. Green, and J. Shelton. 2011. Short-term nitrogen additions can shift a 
coastal wetland from a sink to a source of N2O. Atmospheric Environment 
45:4390–4397. 
Neubauer, S. C., and J. P. Megonigal. 2015. Moving beyond global warming potentials to 
quantify the climatic role of ecosystems. Ecosystems 18:1000–1013. 
NOAA. 2014. Hourly Precipitation [Dataset]. National Centers for Environmental 
Information. 
Oksanen, J., F. G. Blanchet, M. Friendly, R. Kindt, P. Legendre, D. McGlinn, P. R. 
Minchin, R. B. O’Hara, G. L. Simpson, P. Solymos, M. H. H. Stevens, E. Szoecs, 
and H. Wagner. 2016. vegan: Community ecology package. R Foundation for 
Statistical Computing, Vienna, Austria. 
Placella, S. A., E. L. Brodie, and M. K. Firestone. 2012. Rainfall-induced carbon dioxide 
pulses result from sequential resuscitation of phylogenetically clustered microbial 
groups. Proceedings of the National Academy of Sciences 109:10931–10936. 
Poffenbarger, H., B. Needelman, and J. P. Megonigal. 2011. Salinity influence on 
methane emissions from tidal marshes. Wetlands:831–842. 
 174 
R Core Development Team. 2017. R: a language and environment for statistical 
computing, 3.4.3. R Foundation for Statistical Computing, Vienna, Austria. 
Storey, J. D. 2010. False discovery rates. Princeton University, Princeton, USA:1–7. 
Strickland, J., and T. Parsons. 1977. A practical handbook of sea water analysis. Page 
Bulletin of Fisheries Research Canada. Bulletin of Fisheries Research Canada. 
Vieillard, A. M., and R. W. Fulweiler. 2014. Tidal pulsing alters nitrous oxide fluxes in a 
temperate intertidal mudflat. Ecology 95:1960–1971. 
Wrage, N., G. Velthof, M. . van Beusichem, and O. Oenema. 2001. Role of nitrifier 





Appendix A - Greenhouse gas drivers across a moisture/oxygen gradient  
 
Introduction 
Greenhouse gas (GHG) flux measurements were made at contrasting points 
during the tidal cycle, and at two contrasting salt marshes, as part of a study on the effects 
of precipitation change on salt marsh biogeochemistry (Chapter 3). Through regression 
analysis, we have leveraged the difference in marsh sediment and response to the neap-
spring tidal cycle to construct a conceptual model of marsh response to GHG drivers 
across a moisture gradient. The moisture gradient is a proxy of oxygen availability, and 
therefore helps to determine the relative rates of aerobic and anaerobic processes. We 
find that moisture as a driver is most important at intermediate moisture levels, or what 
we infer are hypoxic conditions. Other drivers of metabolic activity including 
temperature, salinity, etc, are important under normoxic and anoxic conditions, under 
which oxygen availability is relatively constant over space and time. 
Methods 
Measurements of GHG fluxes (soil respiration of CO2 (RS), net ecosystem 
exchange of CO2 (NEE), methane flux (fCH4) and nitrous oxide flux (fN2O)), 
photosynthetically active radiation (PAR), soil temperature (TS), soil volumetric water 
content (VWC), porewater salinity, porewater pH, and dissolved inorganic porewater 
nutrients (N as ammonium (NH4
+) and nitrite (NO2
-), P as phosphate (DIP), Si as silicate 
(DSi)) were made ~twice a month during the 2014 or 2015 growing seasons at salt 
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marshes in Provincetown, MA and Rowley, MA, respectively (Chapter 3 Methods). To 
explore the drivers of GHG fluxes, we performed backwards stepwise multiple linear 
regression with soil temperature, soil VWC, porewater salinity, and porewater pH as 
predictors. PAR was an additional predictor for NEE, CH4 and N2O, but not RS because 
the LiCor soil chamber excludes light. For the regression analysis, we included 
infrastructure control plots along with the precipitation treatment plots. Because the 
mixed model analysis (Chapter 3 Results) suggested significant differences in GHG 
fluxes between sites and tidal phases, we performed these regressions separately for each 
of the four site/tide combinations. 
A relatively large fraction of porewater data were missing (22% of salinity and 
pH, 33% of N and P dissolved species, 55% of DSi), especially at the sandy site during 
neap tides when porewater sampling wells were often dry (51% of salinity and pH, 71% 
of N and P dissolved species, 90% of DSi). As a result we did not include nutrient data in 
our regression analysis because the fraction of missing values was too high for the sandy 
site. To deal with missing values for salinity and pH, as well as additional missing values 
for VWC (9%), RS (8%), and NEE (1%), we imputed missing values with multivariate 
imputation by chained equations (MICE) (Buuren and Groothuis-Oudshoorn 2011). We 
calculated beta coefficients (normalized regression coefficients) to facilitate comparison 
of model predictors. The best model for each gas flux for each site/tide combination was 
selected based on Adjusted R2. We calculated correlation coefficients for all variables, 
despite missing data, and based these values on non-missing fraction of data. 
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Results 
All predictors tested were significantly correlated to RS for at least one tidal 
phase/site combination (Figure A.1). Several predictors were correlated to NEE as well. 
Only PAR and PSU were significantly correlated to CH4 flux, and only during the neap 
phase at the sandy site. Moisture, salinity, and nutrient concentrations were significantly 
correlated with N2O during some site/phase combinations, but these relationships less 
strong than the correlations for RS. 
For each tidal phase/site combination, we found multivariate regression models 
that explained 45% or more of the variance in soil respiration and 14-43% of the variance 
in NEE (Table A.1). Soil moisture was a significant predictor in all best-fitting soil 
respiration models, soil temperature was included in all and significant in all but one, 
while salinity and pH were of lesser importance. PAR was significant in all four best-
fitting NEE models. For three of the four NEE models, VWC was a very important 
predictor, coming in as the most or the second most important, however VWC was not in 
the best-fitting model for the neap tidal phase at the sandy site. Soil temperature was 
important for the spring tidal phase models at both sites, and while it was not significant 
during the neap tidal phase at either site, it was included in the overall model for the 
peaty site. For both sites, salinity and pH were more important during the neap tidal 
phase than the spring tidal phase (Table A.1). Salinity was the most important predictor 
in all best-fitting CH4 models, each of which explained 21% or less of the variance in 
CH4 flux. In three of the four CH4 models, salinity was the only significant predictor 
although others were included in the overall best fitting model. During spring tides at the 
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peaty marsh, soil temperature was also significant. VWC was not significant in any of 
these models, and was only included in the spring tide model for the sandy marsh. Only 
the neap tidal phase models were significant regression models for N2O, and these only 
explained 5-14% of the variance. During the spring tidal phase, even the best predictors 




Figure A.1 Correlation heatmaps. 
Correlations between predictors (soil temperature (TS), soil volumetric water content 
(VWC), porewater salinity (PSU), porewater pH, and dissolved porewater ammonium 
(NH4
+), nitrite (NO2
-), inorganic phosphate (DIP), and silicate (DSi), and 
photosynthetically active radiation (PAR)) and greenhouse gas fluxes (soil respiration of 
CO2 (RS), net ecosystem exchange of CO2 (NEE), methane flux (CH4) and nitrous oxide 
flux (N2O)) at two marsh site (sandy (S) or peaty (P)) during neap (N) and spring (S) tidal 





Table A.1 Summary of best-fitting regression models. 
Summary of best-fitting regression models for soil respiration (RS), net ecosystem 
exchange (NEE) of CO2, methane flux (fCH4), and nitrous oxide flux (fN2O). 
Gas Flux  Predictor Sandy site Peaty site 




TS 0.92 0.38 0.70 0.72 
VWC 0.13 -0.59 -0.55 -0.31 
PSU -0.11 - - -0.52 
pH - -0.18 0.17 - 
Adj. R2  0.88 0.54 0.62 0.59 




PAR -0.54 0.27 -0.51 -0.36 
TS - -0.28 -0.07 -0.39 
VWC - -0.34 -0.60 -0.36 
PSU -0.15 - 0.37 -0.13 
pH -0.09 - 0.20 - 
Adj. R2  0.24 0.14 0.43 0.39 




PAR - 0.18 0.14 -0.18 
TS - -0.22 - 0.24 
VWC - 0.12 - - 
PSU 0.44 0.34 0.25 -0.30 
pH -0.17 0.05 - - 
Adj. R2  0.21 0.15 0.05 0.08 




PAR 0.22 - - -0.07 
TS -0.17 - 0.21 - 
VWC 0.27 -0.14 -0.21 - 
PSU 0.22 - 0.30 - 
pH 0.39 - - - 
Adj. R2  0.14 n.s 0.05 n.s 
Italic text indicates a factor that is not significant in the model, but is included because it 




Figure A.2 Conceptual model of environmental controls. 
Conceptual model of environmental controls (volumetric water content (VWC), soil 
temperature (TS), photosynthetically active radiation (PAR), pH, and salinity (PSU)) on 
salt marsh greenhouse gas fluxes (soil respiration (RS), net ecosystem exchange (NEE), 
and net CH4 flux). Higher positions on the y-axis indicate greater driver strength in 
arbitrary units. N2O is not included because regression models explained very little 











GHG flux observations that occurred at distinct point in the neap-spring tidal 
cycle and at contrasting marsh sites together form a moisture gradient which allows us to 
generalize about GHG drivers across a range of moisture conditions (Figure A.2). When 
moisture stress is relatively consistent – either because the sediment is saturated or 
because the sediment is too dry to limit oxygen penetration – moisture is not the most 
important predictor of CO2 flux. Temperature is usually the predictor of CO2 flux under 
these conditions, reflecting the relationship between the speed of biological 
decomposition processes and available heat energy. However, moisture can be the 
primary driver of CO2 fluxes for marsh sediments at intermediate moisture (Figure A.2).  
As moisture (and hypoxia) increase within this intermediate range, CO2 efflux 
decreases because aerobic soil respiration becomes increasingly oxygen limited. At 
higher moisture (anoxic conditions), moisture and CO2 efflux maintain a negative 
relationship, but it is less strong (Figure A.1, Table A.1). Oxygen is still limiting to 
aerobic processes, but that limitation is consistent across a range of moistures because the 
sediment is beyond a critical moisture threshold. This consistent limitation at high 
moisture allows the importance of other drivers (soil temperature, salinity) to emerge. At 
the highest moisture levels, the typically positive relationship between CO2 efflux and 
temperature is evident, and CO2 efflux declines with higher salinity, perhaps due to 
increased osmotic stress (Figure A.2). At the other end of the spectrum (oxic conditions), 
the relationship between CO2 efflux and moisture shifts direction as water itself becomes 
limiting, creating a weakly positive relationship between CO2 efflux and moisture at the 
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sandy marsh when it was in a dry tidal phase (Table A.1). Here again, temperature 
emerges as the most important predictor when anoxia stress is removed.  
NEE, as the sum of respiration and photosynthesis, shows a pattern of predictor 
strength across the moisture gradient similar to that for respiration (Figure A.2). Across 
the gradient, the predictor strength of pH, salinity, and temperature on NEE were weak 
and varied by tidal phase. PAR was a strong predictor across the gradient, while the 
strength of VWC had a distinct peak at intermediate moisture similar to the pattern found 
with soil respiration. Echoing the soil respiration relationship, moisture is negatively 
correlated with NEE across the middle and high end of the gradient (hypoxia and anoxia). 
In contrast to the soil respiration relationship, NEE and soil temperature have a negative 
relationship which suggests that photosynthesis responds more strongly to temperature 
increase than respiration does. Because of its central role in driving photosynthesis, PAR 
has a strong relationship to NEE across moisture levels.  
Salinity was the strongest predictor of CH4 flux, which is unsurprising given the 
well-established relationship between methanogenesis and salinity as a proxy for sulfate 
availability (Bartlett et al. 1987, Poffenbarger et al. 2011). At the intermediate and lower 
moistures we examined, however, CH4 flux had a positive relationship with salinity 
(Figure A.1). While this is surprising, the best regression models at all moisture levels 
had adjusted R2 values of 0.21 or less (Table A.1), which suggests that while salinity was 
the best available predictor, it was still weak. Furthermore, at the oxic end of the gradient, 
the sandy marsh was a net consumer of CH4, so the predictive strength of salinity here 
may lie with the drivers of CH4 uptake rather than methanogenesis.  
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Under the wettest conditions, CH4 emission decreased with salinity in apparent 
confirmation of the inverse methanogenesis-sulfate relationship. It also increased with 
temperature, and decreased with PAR. This suggests that once the environment is 
sufficiently depleted of oxygen for methanogenesis to occur, and the predictive strength 
of salinity is accounted for, additional limiting factors emerge. These include both the 
intrinsic rate of production in the sediment (as temperature controls metabolic rate of 
methanogens) and the transport of methane out of the sediment (as PAR reflects 
photosynthetic rate and therefore plant mediated transport of CH4, delivery of 
photosynthate to methanogens, and/or oxygenation of the rhizosphere). PAR has a 
negative relationship with CH4 flux at the highest moisture level because PAR is tightly 
coupled to photosynthesis, which is the main source of oxygen to the rhizosphere via 
plant roots. However, under intermediate moisture conditions, PAR shows a positive 
predictive relationship with CH4 flux. Some oxygen can diffuse into the sediment at 
intermediate moisture, so while PAR still impacts oxygenation, it is not the sole driver of 
oxygen level. With the importance of rhizosphere oxygenation diminished, the 
importance of PAR as a driver of photosynthate delivery and plant-mediated transport of 
CH4 to the atmosphere emerges. 
None of the variables we measured showed significant explanatory power for 
N2O flux during spring tide at either site, and N2O flux during neap tide was only weakly 
predicted at both sites. The best models could only explain 5 and 14% of the variation 
with 3 and 5 variables at the peaty and sandy sites, respectively. We observed relatively 
few non-zero N2O fluxes, and the ones we did observe did not differ by tide or by site, 
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which suggests that the fluxes observed are stochastic variations near a net-zero flux. It is 
also possible that variables not adequately constrained in our study (e.g. nutrient 
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Appendix B - System model to estimate irrigation overflow into plots (Chapter 3) 
 
Introduction 
On 1 October 2014, we observed gutters overflowing during a heavy rainstorm at 
the PrISME sandy site. Although the irrigation systems were functioning correctly (i.e. 
there were no obstructions in the lines) we observed that incoming precipitation exceeded 
outflow capability of the perforated irrigation tubing (Figure B.1a-b). The irrigation 
system in all plots was upgraded within 2 weeks (Figure B.1c), and we modelled 
irrigation system storages and flows to estimate the portion of water that would have 
exceeded system capacity and overflowed into plots between April and October. The 
proportion of water that ultimately ended up in plots vs the ground outside of plots was 
poorly constrained, so we modelled four scenarios. 
Driver data and calculations 
Under ideal conditions, 1 L of water drained from the reservoir in 430 seconds. 
This drainage rate (with units of volume/time) was converted to a maximum precipitation 
input rate (depth/time) by dividing by the rain shelter roof area. The maximum rainfall 
accommodated by the system was thus 3.3 mm h-1. The reservoir system, including 
tubing, held 15 L when filled to the top, corresponding to 6.6 mm precipitation input over 
the shelter roof area. Because wet plots and wet-phase extreme plots had a single 
irrigation tubing distribution system, but two gutter reservoirs (Figure B.1c), they had 2x 
gutter capacity but the same maximum outflow rate. 
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Figure B.1 Photographs of experimental infrastructure. 
(a) A rain shelter with polycarbonate roof panels intercepts incoming precipitation which 
drains into a gutter reservoir and ultimately into irrigation tubing. (b) The narrow 
perforated irrigation tubing used initially was insufficient for maximum rainfall. (c) After 
the system was upgraded, the tubing did not limit flow. Pictured here are a wet plot 


























We used hourly precipitation data from the nearby RAWS station (WRCC 2014) 
in Truro, MA, and therefore an hourly timestep for the irrigation system. At each time 
step, we modelled reservoir inflow, outflow, storage, and overflow in each treatment 
(Figure B.2). In ambient plots and extreme plots during their ambient phase, inflow was 
equal to precipitation inputs. In wet plots, and in extreme plots during their wet phase, 
inflow was equal to 2x or 2.35x precipitation inputs, respectively. Outflow (what was 
delivered to plots via the irrigation system) was equal to the lesser of reservoir volume 
from the previous timestep plus inflow, or 3.3 mm. When inflow > outflow, the excess 
(“storage”) was added to the reservoir volume from the previous time step, thus updating 
the reservoir. Any volume above the reservoir capacity was “overflow” that was 
distributed according to scenario. 
Treatments and scenarios 
Overflow from the gutters fell along one side of the plot. In general the water was 
observed to overflow near the middle of the plot, where the reservoir wall was lowest 
(Figure B.1). Because shelters were larger than plots to provide a treatment buffer area, 
the overflowing water hit the ground about 20-30 cm outside of the plot area proper. Any 
lateral movement of this overflowed water through the sediment is poorly constrained for 
several reasons. Microtopographic variation was higher than typical at this marsh, and 
was variable between plots, so water would likely have flowed away from some plots and 
into others. Variable sediment saturation over space and time would have made drainage 
into the sediment rapid at times and slow at others. We therefore modelled the fate of the 
overflowed water over a range of scenarios. At one extreme, all overflowed water made 
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its way into the adjacent plot, and at the other extreme, none did. We also modelled two 
intermediate scenarios: 50% in / 50% out, and, because the point source of the overflow 
was located 20-30 cm outside the plot boundary, 30% in / 70% out. 
 
Figure B.2 Flows and pools in the irrigation system overflow model. 
 
Interpretation 
In the case of ambient, wet, and extreme plots, the more overflow to land in the 
adjacent plot, the closer the inputs were to the intended treatments (Figure B.3). Dry plot 
inputs would be as intended if all water landed outside the plots. However, neither 
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extreme is likely, and reality most likely resembled the 30% or 50% scenarios. We have 
used the 50% scenario in Chapter 3, Figure 3.2 in an attempt to be conservative because 
the sediment flow parameters are so poorly constrained. Interpretation of Figure 3.2 
should thus be tempered with the uncertainty seen in Figure B.3. 
 
Figure B.3 Modelled precipitation totals 
Annual precipitation totals in PrISME treatments under ideal conditions and 4 modelled 
scenarios. Solid bars show theoretical totals if irrigation systems worked as intended, 
shaded bars show the totals under modelled scenarios of 100%, 50%, 30% and 0% (from 
left to right; most shading lines to fewest) of the overflow ending up in plots.  
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Appendix C - Supplementary Data Tables from Chapter 3 
Table C.1 Carbon and nitrogen contents of sediment at PrISME marsh sites near 
the beginning and end of the experiment (mean ± standard error, n = 3). 
 Precipitation 
Treatment 
Sandy Site Peaty Site 
  June October May October 
N (%) Amb 0.35 ± 0.09 0.38 ± 0.11 1.67 ± 0.09 1.65 ± 0.09 
 Wet 0.20 ± 0.10 0.27 ± 0.12 1.59 ± 0.14 1.58 ± 0.03 
 Dry 0.27 ± 0.10 0.33 ± 0.12 1.60 ± 0.10 1.63 ± 0.07 
 Ext 0.34 ± 0.14 0.55 ± 0.24 1.72 ± 0.12 1.72 ± 0.10 
              
C (%) Amb 4.1 ± 1.3 4.4 ± 1.3 25.0 ± 1.5 25.6 ± 0.9 
 Wet 2.4 ± 1.2 3.2 ± 1.5 23.4 ± 1.9 23.6 ± 0.3 
 Dry 3.1 ± 1.2 3.8 ± 1.3 24.2 ± 1.6 24.9 ± 0.8 




Table C.2 Litter remaining in PrISME marsh litter bags. 




Sandy Site  Peaty Site 
% at 66 d % at 131 d  % at 36 d % at 106 d 
S. alterniflora Amb 84.0 ± 1.2 73.8 ± 2.0  79.2 ± 0.9 44.5 ± 6.7 
 Wet 80.1 ± 2.3 69.6 ± 2.8  76.7 ± 2.5 45.1 ± 2.8 
 Dry 84.4 ± 1.8 69.4 ± 2.9  79.4 ± 1.4 51.9 ± 3.2 
 Ext 81.2 ± 0.7 68.4 ± 2.2  72.0 ± 3.9 48.8 ± 2.2 
       
S. patens Amb 87.3 ± 0.9 77.9 ± 1.6  83.2 ± 2.1 63.6 ± 2.8 
 Wet 87.5 ± 0.6 81.9 ± 1.2  83.3 ± 1.6 62.4 ± 2.9 
 Dry 87.3 ± 0.7 80.8 ± 0.7  84.1 ± 1.3 65.7 ± 5.6 
 Ext 85.2 ± 1.3 79.7 ± 1.3  82.3 ± 2.2 68.3 ± 2.4 
       
D. spicata Amb    76.5 ± 5.7 47.6 ± 10.8 
 Wet    85.6 ± 1.1 64.6 ± 5.4 
 Dry    75.9 ± 4.3 61.8 ± 4.5 
 Ext    79.5 ± 1.8 68.5 ± 2.7 
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Table C.3 Linear mixed model results of control/ambient comparison. 
Significance (p-values) from Wald χ2 test on fixed effects in the linear mixed models 
comparing ambient treatment to infrastructure control for volumetric water content 




-, phosphate: DIP, silica: DSi), soil 
respiration (RS), net ecosystem exchange of CO2 (NEE), methane flux (fCH4), and nitrous 
oxide flux (fN2O), gravimetric soil water content (SWC), loss on ignition (LOI), C to N 
molar ratio (C:N), above- and below-ground biomass (AGB, BGB), and the litter decay 
constants (k) for Spartina alterniflora (S.a), Spartina patens (S.p), and Distichlis spicata 
(D.s).  
 
Factor VWC TS RS NEE fCH4 fN2O 
Precipitation treatment (P) 0.17 0.68 0.97 0.58 0.35 0.21 
Site (S) <.001 0.75 0.19 0.04 0.009 0.72 
Tidal phase (T) <.001 0.40 <.001 0.11 0.97 0.37 
P*S 0.005 0.76 0.41 0.70 0.62 0.36 
P*T 0.56 0.99 0.93 0.90 0.24 0.70 
T*S <.001 0.77 0.81 0.23 0.96 0.52 
P*T*S 0.78 0.92 0.57 0.72 0.38 0.88 
 
Table C.3, continued. 
Factor PSU pH NH4
+ NO2
- NO3
- DIP DSi 
Precipitation treatment (P) 0.56 0.81 0.21 0.58 0.34 0.30 0.20 
Site (S) <.001 <.001 <.001 <.001  <.001  
Tidal phase (T) 0.76 0.29 0.009 0.06 0.88 0.07 0.034 
P*S 0.60 0.76 0.24 0.40  0.24  
P*T 0.44 0.93 0.48 0.35 0.88 0.83 0.57 
T*S 0.79 0.001 0.06 0.18  0.15  
P*T*S 0.71 0.65 0.75 0.66  0.90  
 
Table C.3, continued. 
Factor AGB BGB k (S.a) k (S.p) k (D.s) 
Precipitation treatment (P) 0.81 0.13 0.89 0.87 0.25 
Site (S) 0.95 <.001 <.001 <.001  




Table C.3, continued. 
Factor SWC LOI C:N 
Precipitation treatment (P) 0.17 0.02 0.29 
Site (S) <.001 <.001 <.001 
Core date (C) 0.94 0.56 0.45 
P*S 0.09 0.004 0.31 
P*C 0.94 0.61 0.85 
S*C 0.91 0.64 0.16 
P*S*C 0.75 0.47 0.81 
Note: An additional effect (Depth) and its interactions were included in the analysis of 
SWC and LOI, but have been omitted from this table for clarity. Depth and depth x site 
were significant effects (p < 0.01) for both, but other interactions were not significant. 
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Appendix D - Phragmites australis aerenchyma gas concentrations 
The greenhouse gas concentrations inside Phragmites australis stems (Figure 
D.1) were measured in connection with greenhouse gas fluxes in a study comparing 
fluxes associated with invasive P. australis to native Spartina alterniflora. After flux 
chamber measurements were made, the internal gas of up to 5 stems per flux collar were 
sampled by puncturing the culm with a needle and extracting gas with a syringe. Each P. 
australis stem was sampled below the first node that was visible above the sediment 
surface, then additional samples were taken between the first and second, and second and 




Figure D.1 Greenhouse gas concentrations inside Phragmites australis stems 
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Table D.1 Greenhouse gas concentrations in Phragmites australis aerenchyma 
ID Date Plant 
Nodes above 
the ground 
CH4 CO2 N2O 
ppm ppm ppb 
P2 10/12/2011 1 1 4.08 9741 343 
P2 10/12/2011 1 2 3.13 6432 353 
P2 10/12/2011 1 3 2.51 3947 356 
P3 10/12/2011 1 1 8.18 13146 322 
P3 10/12/2011 1 2 3.56 5175 348 
P3 10/12/2011 1 3 2.37 1898 350 
P1 2/1/2012 1 1 19.12 6549 255 
P1 2/1/2012 1 2 3.84 1364 320 
P1 2/1/2012 1 3 2.47 669 320 
P2 2/1/2012 1 1 4.41 6312 444 
P2 2/1/2012 1 2 2.74 2664 363 
P2 2/1/2012 1 3 2.16 1067 328 
P3 2/1/2012 1 1 749.51 7425 296 
P3 2/1/2012 1 2 279.95 3766 323 
P3 2/1/2012 1 3 33.28 910 321 
P1 3/16/2012 1 1 21.30 7884 274 
P1 3/16/2012 1 2 18.68 4944 293 
P1 3/16/2012 1 3 3.48 1105 302 
P1 3/16/2012 2 1 2.79 1434 251 
P1 3/16/2012 2 2 1.80 536 235 
P1 3/16/2012 2 3 1.67 649 247 
P2 3/16/2012 1 1 2.38 1287 337 
P2 3/16/2012 1 2 2.19 600 344 
P2 3/16/2012 1 3 1.46 714 207 
P2 3/16/2012 2 1 2.14 2250 194 
P2 3/16/2012 2 2 1.95 1432 206 
P2 3/16/2012 2 3 2.20 778 337 
P3 3/16/2012 1 0 2.54 1687 196 
P3 3/16/2012 1 1 1.96 943 213 
P3 3/16/2012 1 2 2.02 698 224 
P3 3/16/2012 1 3 1.67 517 200 
P3 3/16/2012 2 1 3.17 1103 194 
P3 3/16/2012 2 2 2.18 678 182 
P3 3/16/2012 2 3 2.49 691 340 
P1 4/16/2012 1 1 2.17 1037 305 
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P1 4/16/2012 1 2 2.06 677 312 
P1 4/16/2012 1 3 1.94 553 302 
P1 4/16/2012 2 1 22.50 6437 273 
P1 4/16/2012 2 2 2.72 965 250 
P1 4/16/2012 2 3 1.99 618 252 
P2 4/16/2012 1 1 1.04 1752 110 
P2 4/16/2012 2 1 2.04 6614 319 
P2 4/16/2012 2 2 2.17 2645 311 
P2 4/16/2012 2 3 2.03 1579 310 
P3 4/16/2012 1 1 59.26 6822 183 
P3 4/16/2012 1 2 9.55 1872 208 
P3 4/16/2012 1 3 4.15 919 257 
P3 4/16/2012 2 1 19.67 4038 207 
P1 5/17/2012 1 1 2.06 12105 310 
P1 5/17/2012 1 2 2.05 14968 304 
P1 5/17/2012 1 3 1.91 12895 313 
P1 5/17/2012 2 1 1.91 12699 311 
P1 5/17/2012 2 2 1.77 6236 321 
P1 5/17/2012 2 3 1.85 4520 318 
P2 5/17/2012 1 1 7.91 11662 291 
P2 5/17/2012 1 2 5.04 7229 307 
P2 5/17/2012 1 3 2.27 2229 321 
P2 5/17/2012 2 1 7.98 10612 287 
P2 5/17/2012 2 2 4.00 5171 320 
P2 5/17/2012 2 3 2.57 2587 316 
P2 5/17/2012 3 1 1.87 513 317 
P2 5/17/2012 3 2 3.00 4867 243 
P2 5/17/2012 3 3 2.78 3323 303 
P2 5/17/2012 4 1 5.12 7345 297 
P2 5/17/2012 4 2 3.09 4196 303 
P2 5/17/2012 4 3 2.51 2855 299 
P3 5/17/2012 1 1 3.87 509 311 
P3 5/17/2012 1 2 297.32 7297 300 
P3 5/17/2012 1 3 11.76 1494 293 
P3 5/17/2012 2 1 297.85 9134 286 
P3 5/17/2012 2 2 49.38 2975 310 
P3 5/17/2012 2 3 20.30 1538 317 
P3 5/17/2012 3 1 113.71 5733 312 
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P3 5/17/2012 3 2 78.93 4388 310 
P3 5/17/2012 3 3 4.09 1610 199 
P3 5/17/2012 4 1 117.27 8427 288 
P3 5/17/2012 4 2 50.46 4288 307 
P3 5/17/2012 4 3 51.76 4086 310 
P1 6/12/2012 1 1 2.45 13870 307 
P1 6/12/2012 1 2 2.37 11615 311 
P1 6/12/2012 1 3 2.06 7514 310 
P1 6/12/2012 2 1 11.39 9703 281 
P1 6/12/2012 2 2 2.81 2077 318 
P1 6/12/2012 2 3 2.22 977 315 
P1 6/12/2012 3 1 3.98 3602 312 
P1 6/12/2012 3 2 2.19 892 317 
P1 6/12/2012 3 3 2.00 567 315 
P1 6/12/2012 4 1 6.71 6276 301 
P1 6/12/2012 4 2 2.11 863 307 
P1 6/12/2012 4 3 2.49 1621 311 
P2 6/12/2012 1 1 70.01 13624 293 
P2 6/12/2012 1 2 30.14 8290 293 
P2 6/12/2012 1 3 16.35 5309 295 
P2 6/12/2012 2 1 27.44 8536 231 
P2 6/12/2012 2 2 10.89 4153 213 
P2 6/12/2012 2 3 8.45 3512 204 
P2 6/12/2012 3 1 9.04 3785 213 
P2 6/12/2012 3 2 39.65 7739 295 
P2 6/12/2012 3 3 15.30 4125 307 
P3 6/12/2012 1 1 106.73 9104 308 
P3 6/12/2012 1 2 38.92 4625 321 
P3 6/12/2012 1 3 15.68 2341 315 
P3 6/12/2012 2 1 74.54 13567 299 
P3 6/12/2012 2 2 79.25 11257 305 
P3 6/12/2012 2 3 62.57 8641 312 
P3 6/12/2012 3 1 20.54 12581 305 
P3 6/12/2012 3 2 24.16 9105 316 
P3 6/12/2012 3 3 33.91 9527 314 
P3 6/12/2012 4 1 115.98 11483 308 
P3 6/12/2012 4 2 24.74 4260 319 
P3 6/12/2012 4 3 11.50 2582 314 
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P3 6/12/2012 5 1 37.67 6793 322 
P3 6/12/2012 5 2 60.34 8809 320 
P3 6/12/2012 5 3 54.29 10787 319 
P1 7/17/2012 1 1 2.05 7197 309 
P1 7/17/2012 1 2 2.67 5567 345 
P1 7/17/2012 1 3 1.37 3943 209 
P1 7/17/2012 2 1 1.78 3711 264 
P1 7/17/2012 2 2 2.16 7634 282 
P1 7/17/2012 2 3 2.12 5131 295 
P1 7/17/2012 3 1 2.16 6428 301 
P1 7/17/2012 3 2 1.85 2838 266 
P1 7/17/2012 3 3 2.17 1873 287 
P2 7/17/2012 1 1 2.44 9592 359 
P2 7/17/2012 1 2 2.21 2232 328 
P2 7/17/2012 1 3 2.33 2499 317 
P2 7/17/2012 2 1 1.82 7315 341 
P2 7/17/2012 2 2 2.26 976 312 
P2 7/17/2012 2 3 1.90 2170 318 
P2 7/17/2012 3 1 3.10 10481 312 
P2 7/17/2012 3 2 2.38 6307 306 
P2 7/17/2012 3 3 1.81 2836 317 
P2 7/17/2012 4 1 55.67 9389 285 
P2 7/17/2012 4 2 24.03 5259 330 
P2 7/17/2012 4 3 10.10 2541 314 
P2 7/17/2012 5 1 4.92 10865 312 
P2 7/17/2012 5 2 2.76 2566 328 
P2 7/17/2012 5 3 2.45 3644 327 
P2 7/17/2012 6 1 3.10 5710 328 
P2 7/17/2012 6 2 2.14 1508 320 
P2 7/17/2012 6 3 1.88 1164 321 
P3 7/17/2012 1 1 28.73 6959 293 
P3 7/17/2012 1 2 10.83 3263 290 
P3 7/17/2012 1 3 6.84 2166 287 
P3 7/17/2012 2 1 11.15 7595 301 
P3 7/17/2012 2 2 9.87 4609 302 
P3 7/17/2012 2 3 6.94 3446 302 
P3 7/17/2012 3 1 2201.82 3431 248 
P3 7/17/2012 3 2 38.17 7211 289 
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P3 7/17/2012 3 3 16.37 3966 295 
P1 8/27/2012 1 1 2.10 2295 336 
P1 8/27/2012 1 2 1.99 1697 339 
P1 8/27/2012 1 3 1.94 1429 335 
P1 8/27/2012 2 1 24.71 13004 367 
P1 8/27/2012 2 2 2.26 907 335 
P1 8/27/2012 2 3 2.70 1638 342 
P1 8/27/2012 3 1 2.02 2509 339 
P1 8/27/2012 3 2 1.80 684 337 
P1 8/27/2012 3 3 1.89 507 333 
P1 8/27/2012 4 1 1.84 1262 329 
P1 8/27/2012 4 2 1.90 571 331 
P1 8/27/2012 4 3 2.14 -66 339 
P2 8/27/2012 1 1 2.31 10515 315 
P2 8/27/2012 1 2 2.07 7302 322 
P2 8/27/2012 1 3 2.00 3315 331 
P2 8/27/2012 2 1 1.68 4123 280 
P2 8/27/2012 2 2 1.99 2965 348 
P2 8/27/2012 2 3 1.85 1984 344 
P2 8/27/2012 3 1 2.43 6886 331 
P2 8/27/2012 3 2 2.01 1799 329 
P2 8/27/2012 3 3 1.77 1681 333 
P2 8/27/2012 4 1 2.25 9463 330 
P2 8/27/2012 4 2 1.99 3588 343 
P2 8/27/2012 4 3 1.87 2759 310 
P3 8/27/2012 1 1 19.50 2419 283 
P3 8/27/2012 1 2 8.37 1233 328 
P3 8/27/2012 1 3 3.13 613 332 
P3 8/27/2012 2 1 232.51 10490 335 
P3 8/27/2012 2 2 30.40 2939 312 
P3 8/27/2012 2 3 17.64 2173 330 
P3 8/27/2012 3 1 35.88 8375 343 
P3 8/27/2012 3 2 12.57 4538 334 
P3 8/27/2012 3 3 10.57 3379 331 
P1 9/25/2012 1 1 1.76 3304 319 
P1 9/25/2012 1 2 1.80 1631 303 
P1 9/25/2012 1 3 1.89 1168 314 
P1 9/25/2012 2 1 2.81 12111 343 
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P1 9/25/2012 2 2 2.08 5243 306 
P1 9/25/2012 2 3 2.04 4912 323 
P1 9/25/2012 3 1 2.33 5180 316 
P1 9/25/2012 3 2 2.02 2930 315 
P1 9/25/2012 3 3 1.76 1598 291 
P2 9/25/2012 1 1 1.76 4397 311 
P2 9/25/2012 1 2 1.67 3893 311 
P2 9/25/2012 1 3 1.91 2523 310 
P2 9/25/2012 2 1 2.68 5953 296 
P2 9/25/2012 2 2 3.51 9374 297 
P2 9/25/2012 2 3 2.09 3053 294 
P2 9/25/2012 3 1 3.31 8326 305 
P2 9/25/2012 3 2 2.23 3211 300 
P2 9/25/2012 3 3 2.05 1367 294 
P3 9/25/2012 1 1 1.90 2201 311 
P3 9/25/2012 1 2 1.68 671 237 
P3 9/25/2012 1 3 1.69 672 286 
P3 9/25/2012 2 1 1.96 4080 301 
P3 9/25/2012 2 2 2.05 2603 297 
P3 9/25/2012 2 3 1.82 1257 310 
P3 9/25/2012 3 1 9.59 17374 273 
P3 9/25/2012 3 2 1.82 1257 310 
P3 9/25/2012 3 3 4.37 8759 290 
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Appendix E - Chapter 1 Data 
Table E.1 Greenhouse gas flux, PAR, and temperature data for Chapter 1 



















10/12/2011 1 L P1 -1.3 -4.6 0 595 20.6 13.0 
10/12/2011 1 L P2 -2.8 -10.1 0 139 17.9 . 
10/12/2011 1 L P3 0.0 0 0 36 17.7 . 
10/12/2011 1 L S1 -12.1 -43.5 0 383 18.6 13.0 
10/12/2011 1 L S2 -8.2 -29.4 0 313 19.7 . 
10/12/2011 1 L S3 -7.0 -25.4 0 313 20.4 . 
10/12/2011 1 L U1 0.6 2.0 -471.5 0 16.0 . 
10/12/2011 1 L U2 0.0 0 0 0 14.4 . 
10/15/2011 4 L P1 -3.6 -13.1 0 837 24.7 17.0 
10/15/2011 4 L P2 -7.2 -26.0 0 864 29.2 17.0 
10/15/2011 4 L P3 -2.0 -7.3 0 446 22.1 17.0 
10/15/2011 4 L S1 -6.1 -21.9 0 973 27.2 17.0 
10/15/2011 4 L S2 -2.1 -7.6 0 817 28.3 17.0 
10/15/2011 4 L S3 0.6 2.3 -566.2 513 25.2 17.0 
10/15/2011 4 L U1 1.4 5.1 0 1018 29.1 17.0 
10/17/2011 3 L M1 -1.7 -6.2 -593.4 887 27.8 16.0 
10/17/2011 3 L P1 0.0 0 0 773 24.0 15.0 
10/17/2011 3 L P2 2.1 7.6 0 843 28.7 16.0 
10/17/2011 3 L P3 -4.0 -14.4 0 779 29.1 16.0 
10/17/2011 3 L S1 0.0 0 0 983 28.1 16.0 
10/17/2011 3 L S2 0.0 0 0 984 26.4 16.0 
10/17/2011 3 L S3 -1.5 -5.5 -798.6 650 27.2 17.0 
10/20/2011 2 L P1 2.2 7.8 365.7 111 16.6 16.0 
10/20/2011 2 L P2 -5.0 -18.0 0 853 28.7 17.8 
10/20/2011 2 L P3 -1.1 -3.8 0 445 30.8 18.0 
10/20/2011 2 L S1 -1.5 -5.5 0 126 16.5 16.3 
10/20/2011 2 L S2 -4.9 -17.8 0 301 17.0 16.5 
10/20/2011 2 L S3 -10.1 -36.2 0 772 26.8 17.0 
10/20/2011 2 L U1 -0.6 -2.0 -373.2 165 16.5 16.0 
10/20/2011 2 L U2 0.0 0 0 713 20.3 17.0 
6/26/2012 4 S A -5.6 -20.0 0 794 30.6 . 
6/26/2012 4 S B -8.0 -28.7 -252.0 794 28.6 . 
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6/26/2012 4 S C -5.8 -21.0 -502.1 794 29.6 . 
6/26/2012 4 L A 0.0 0 0 267 24.4 . 
6/26/2012 4 L B 0.7 2.7 0 267 23.1 . 
6/26/2012 4 L C 1.9 6.9 0 267 23.6 . 
6/26/2012 3 S A 3.0 10.6 0 479 23.4 . 
6/26/2012 3 S B 4.3 15.5 0 479 23.5 . 
6/26/2012 3 S C -1.8 -6.6 0 479 24.2 . 
6/26/2012 3 L A 1.0 3.7 0 143 20.7 . 
6/26/2012 3 L B 0.9 3.4 0 143 20.6 . 
6/26/2012 3 L C 1.3 4.8 0 143 20.3 . 
6/26/2012 1 S A 2.0 7.2 0 145 20.1 21.0 
6/26/2012 1 S B 2.3 8.4 0 145 20.8 21.0 
6/26/2012 1 S C 1.1 3.8 0 145 21.1 21.0 
6/26/2012 1 L A -4.6 -16.7 -308.4 817 25.1 21.5 
6/26/2012 1 L B -4.9 -17.7 0 817 25.0 21.5 
6/26/2012 1 L C -6.5 -23.4 -299.3 817 26.6 21.5 
6/26/2012 2 S A 3.5 12.8 0 153 22.7 19.5 
6/26/2012 2 S B 4.3 15.6 0 153 22.3 19.5 
6/26/2012 2 S C 4.1 14.7 0 153 23.5 19.5 
6/26/2012 2 L A -7.1 -25.7 -223.0 430 25.9 22.0 
6/26/2012 2 L B -5.5 -19.8 0 430 26.7 22.0 
6/26/2012 2 L C -5.2 -18.8 0 430 25.0 22.0 
8/13/2012 4 S A -0.6 -2.3 0 1461 44.8 . 
8/13/2012 4 S B -1.4 -4.9 0 1461 44.1 . 
8/13/2012 4 S C -1.5 -5.5 0 1461 42.5 . 
8/13/2012 4 L A -3.4 -12.2 0 1346 42.7 . 
8/13/2012 4 L B -4.4 -15.7 0 1346 42.1 . 
8/13/2012 4 L C -2.8 -10.2 0 1346 40.5 . 
8/13/2012 3 S A 1.8 6.3 0 1369 43.3 . 
8/13/2012 3 S B 3.4 12.2 0 1369 45.1 . 
8/13/2012 3 S C 1.8 6.3 390.4 1369 42.7 . 
8/13/2012 3 L A 1.3 4.7 0 1170 39.3 . 
8/13/2012 3 L B 0.0 0 0 1170 40.8 . 
8/13/2012 3 L C -0.5 -2.0 0 1170 41.5 . 
8/13/2012 1 S A -6.8 -24.3 -618.3 1450 39.6 24.0 
8/13/2012 1 S B -4.3 -15.6 -376.5 1450 40.8 24.0 
8/13/2012 1 S C -5.0 -18.0 0 1450 38.1 24.0 
8/13/2012 1 L A -6.2 -22.5 0 1305 38.1 23.0 
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8/13/2012 1 L B -6.5 -23.4 0 1305 39.7 23.0 
8/13/2012 1 L C -5.6 -20.0 0 1305 42.8 23.0 
8/13/2012 2 S A -4.1 -14.8 0 1379 40.3 23.5 
8/13/2012 2 S B -2.4 -8.7 0 1379 41.0 23.5 
8/13/2012 2 S C -4.6 -16.4 0 1379 42.0 23.5 
8/13/2012 2 L A -5.9 -21.3 0 1351 38.1 24.7 
8/13/2012 2 L B -2.4 -8.8 0 1351 40.5 24.7 
8/13/2012 2 L C -2.4 -8.8 261.4 1351 37.0 24.7 
8/28/2013 1 S 1 5.1 18.3 0 1559 40.7 23.0 
8/28/2013 1 S 2 -5.6 -20.0 0 1440 40.0 25.0 
8/28/2013 1 S 3 -3.8 -13.6 0 1323 38.6 25.5 
8/28/2013 1 S 4 -4.5 -16.3 0 1041 33.4 25.0 
8/28/2013 1 S 5 -0.6 -2.0 0 1039 38.0 25.0 
8/28/2013 1 L 1 -5.1 -18.4 0 1385 33.1 22.5 
8/28/2013 1 L 2 -9.2 -33.1 -480.2 1600 39.1 24.5 
8/28/2013 1 L 3 -8.4 -30.4 0 1535 37.7 24.5 
8/28/2013 1 L 4 -6.8 -24.5 0 1583 36.3 23.0 
8/28/2013 1 L 5 1.8 6.6 0 1600 38.4 25.0 
9/15/2013 4 S 1 -3.0 -10.9 0 1318 34.0 18.6 
9/15/2013 4 S 2 -2.3 -8.3 0 1278 34.8 18.9 
9/15/2013 4 S 3 -2.7 -9.9 -414.3 1503 35.8 18.5 
9/15/2013 4 S 4 -3.6 -13.1 0 1555 32.1 18.2 
9/15/2013 4 S 5 -6.3 -22.8 -621.9 1460 32.0 17.6 
9/15/2013 4 L 1 -1.7 -6.1 0 1558 33.3 17.0 
9/15/2013 4 L 2 -2.6 -9.4 0 692 29.3 20.0 
9/15/2013 4 L 3 -1.9 -7.0 -215.1 1501 35.7 18.5 
9/15/2013 4 L 4 -4.1 -14.8 -453.3 972 32.5 20.0 
9/15/2013 4 L 5 -6.4 -23.1 0 1465 31.2 19.0 
11/26/2013 4 S 1 . . 0 124 5.4 0.7 
11/26/2013 4 S 2 0.4 1.5 0 329 5.8 0.3 
11/26/2013 4 S 3 0.8 2.8 0 394 5.8 1.1 
11/26/2013 4 S 4 2.3 8.2 0 286 6.0 0.6 
11/26/2013 4 S 5 0.8 2.9 0 246 5.9 0.3 
11/26/2013 4 L 1 0.0 0 0 264 4.6 0.3 
11/26/2013 4 L 2 0.0 0 0 379 4.5 0.5 
11/26/2013 4 L 3 . . 0 342 6.6 2.3 
11/26/2013 4 L 4 . . 0 136 5.3 0.2 
11/26/2013 4 L 5 -0.4 -1.3 0 235 6.1 0.7 
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11/29/2013 1 S 1 0.0 0 0 923 8.6 2.0 
11/29/2013 1 S 2 0.0 0 0 773 10.1 0.4 
11/29/2013 1 S 3 -0.7 -2.4 0 957 5.9 -0.2 
11/29/2013 1 S 4 0.0 0 0 919 11.3 2.0 
11/29/2013 1 S 5 0.0 0 0 558 8.6 1.1 
11/29/2013 1 L 1 0.0 0 0 905 8.7 1.5 
11/29/2013 1 L 2 0.0 0 0 956 9.4 1.3 
11/29/2013 1 L 3 0.0 0 0 883 3.7 0.5 
11/29/2013 1 L 4 1.1 3.8 0 763 11.5 1.7 
11/29/2013 1 L 5 -0.9 -3.4 0 580 11.8 2.1 
5/21/2014 1 S 1 3.0 10.9 0 1355 33.3 15.3 
5/21/2014 1 S 2 -1.5 -5.3 0 1718 31.0 16.0 
5/21/2014 1 S 3 3.9 14.1 0 1850 35.2 15.8 
5/21/2014 1 S 4 2.4 8.5 0 1881 35.1 14.7 
5/21/2014 1 S 5 -1.1 -3.9 0 1752 31.2 14.7 
5/21/2014 1 L 1 -1.8 -6.4 0 1871 28.0 15.1 
5/21/2014 1 L 2 -2.3 -8.1 0 1863 29.3 13.8 
5/21/2014 1 L 3 0.0 0 0 1887 29.2 14.8 
5/21/2014 1 L 4 -1.8 -6.5 0 1868 32.3 15.0 
5/21/2014 1 L 5 -0.9 -3.1 0 1727 28.3 14.3 
5/24/2014 4 S 1 -1.2 -4.5 0 1165 24.8 13.7 
5/24/2014 4 S 2 -1.3 -4.9 0 1218 24.7 13.4 
5/24/2014 4 S 3 -2.7 -9.6 0 1122 24.2 14.2 
5/24/2014 4 S 4 -2.5 -9.0 0 1944 27.4 13.7 
5/24/2014 4 S 5 0.0 0 0 1618 29.1 13.5 
5/24/2014 4 L 1 -5.8 -21.0 0 1831 28.2 15.4 
5/24/2014 4 L 2 2.2 7.9 0 1827 32.3 14.8 
5/24/2014 4 L 3 -7.2 -25.8 0 1524 31.1 16.4 
5/24/2014 4 L 4 -3.4 -12.3 0 1324 25.4 14.1 
5/24/2014 4 L 5 1.4 5.0 0 1313 26.8 13.4 
7/21/2014 1 S 1 7.5 27.0 0 1800 36.8 20.4 
7/21/2014 1 S 2 -1.4 -5.0 0 1748 39.2 20.9 
7/21/2014 1 S 3 6.8 24.5 0 1766 38.4 20.3 
7/21/2014 1 S 4 8.4 30.4 0 1618 40.6 21.2 
7/21/2014 1 S 5 0.0 0 0 1682 35.9 20.3 
7/21/2014 1 L 1 0.0 0 0 1802 34.5 19.5 
7/21/2014 1 L 2 -2.3 -8.1 0 1792 35.1 21.4 
7/21/2014 1 L 3 0.0 0 0 1737 34.9 19.7 
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7/21/2014 1 L 4 0.0 0 0 1737 37.9 19.8 
7/21/2014 1 L 5 0.0 0 0 1808 36.8 21.0 
7/22/2014 4 S 1 8.2 29.5 0 1770 40.4 19.6 
7/22/2014 4 S 2 3.2 11.6 0 1728 39.9 19.7 
7/22/2014 4 S 3 -1.4 -5.2 0 1770 40.8 21.3 
7/22/2014 4 S 4 3.4 12.3 0 1761 41.0 20.4 
7/22/2014 4 S 5 -2.2 -7.9 0 1728 34.8 20.7 
7/22/2014 4 L 1 2.0 7.3 0 1763 43.1 20.9 
7/22/2014 4 L 2 -1.4 -4.9 0 1703 41.8 21.5 
7/22/2014 4 L 3 -1.5 -5.3 0 1670 38.3 20.1 
7/22/2014 4 L 4 0.0 0 0 1570 42.6 21.1 
7/22/2014 4 L 5 3.6 13.0 0 1570 39.8 22.0 
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N % C % C:N 
10/12/2011 1 L P 78.4 0.22 35.5 . . . 
10/12/2011 1 L S 81.1 0.18 39.2 . . . 
10/15/2011 4 L P 73.3 0.35 10.0 . . . 
10/15/2011 4 L S 90.6 0.05 46.2 . . . 
10/17/2011 3 L P 49.2 0.81 2.1 . . . 
10/17/2011 3 L S 37.2 0.79 2.0 . . . 
10/20/2011 2 L P 76.2 0.25 22.0 . . . 
10/20/2011 2 L S 69.9 0.41 20.2 . . . 
6/26/2012 4 S A 80.9 . 39.3 . . . 
6/26/2012 4 S B 80.6 . 37.8 . . . 
6/26/2012 4 L A 76.7 . 23.5 . . . 
6/26/2012 4 L B 67.9 . 23.8 . . . 
6/26/2012 3 S A 29.6 . 2.1 . . . 
6/26/2012 3 S B 30.5 . 2.8 . . . 
6/26/2012 3 L A 23.2 . 2.9 . . . 
6/26/2012 3 L B 32.2 . 2.2 . . . 
6/26/2012 1 S A 77.3 . 48.6 . . . 
6/26/2012 1 S B 77.7 . 44.0 . . . 
6/26/2012 1 L A 78.4 . 40.2 . . . 
6/26/2012 1 L B 81.6 . 46.0 . . . 
6/26/2012 2 S A 78.7 . 43.7 . . . 
6/26/2012 2 S B 79.0 . 40.6 . . . 
6/26/2012 2 L A 40.0 . 9.3 . . . 
6/26/2012 2 L B 62.4 . 13.2 . . . 
8/13/2012 4 S A 74.1 . 36.4 1.00 16.2 19.0 
8/13/2012 4 S B 75.9 . 38.0 1.06 16.6 18.2 
8/13/2012 4 L A 64.6 . 20.4 0.71 9.3 15.3 
8/13/2012 4 L B 68.7 . 37.6 0.78 10.4 15.5 
8/13/2012 3 S A 14.6 . 2.6 0.13 0.9 7.9 
8/13/2012 3 S B 16.2 . 2.6 0.12 1.2 12.1 
8/13/2012 3 L A 13.2 . 5.9 0.16 1.2 8.8 
8/13/2012 3 L B 16.1 . 3.6 0.12 1.5 15.1 
8/13/2012 1 S A 79.2 . 48.0 1.06 20.9 23.0 
8/13/2012 1 S B 76.2 . 40.1 1.00 18.0 21.0 
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8/13/2012 1 L A 75.5 . 40.7 . . . 
8/13/2012 1 L B 77.7 . 37.6 0.98 18.1 21.7 
8/13/2012 2 S A 76.6 . 41.1 1.10 17.9 19.0 
8/13/2012 2 S B 76.8 . 37.5 1.07 16.7 18.2 
8/13/2012 2 L A 45.6 . 14.8 0.61 8.6 16.6 
8/13/2012 2 L B 49.2 . 17.4 0.62 9.1 17.0 
8/28/2013 1 S 1 69.4 0.28 61.8 . . . 
8/28/2013 1 S 2 89.9 0.08 42.0 . . . 
8/28/2013 1 S 3 74.6 0.23 53.4 . . . 
8/28/2013 1 S 4 83.1 0.17 46.8 . . . 
8/28/2013 1 S 5 75.4 0.22 54.9 . . . 
8/28/2013 1 L 1 78.8 0.20 34.7 . . . 
8/28/2013 1 L 2 77.7 0.21 44.0 . . . 
8/28/2013 1 L 3 82.6 0.17 42.2 . . . 
8/28/2013 1 L 4 89.9 0.10 39.2 . . . 
8/28/2013 1 L 5 76.1 0.18 49.8 . . . 
9/15/2013 4 S 1 72.8 0.23 33.3 . . . 
9/15/2013 4 S 2 70.3 0.20 39.0 . . . 
9/15/2013 4 S 3 69.1 0.22 36.3 . . . 
9/15/2013 4 S 4 63.9 0.24 12.2 . . . 
9/15/2013 4 S 5 72.1 0.27 37.8 . . . 
9/15/2013 4 L 1 83.2 0.12 40.9 . . . 
9/15/2013 4 L 2 81.3 0.15 39.3 . . . 
9/15/2013 4 L 3 80.1 0.18 30.5 . . . 
9/15/2013 4 L 4 50.7 0.62 29.6 . . . 
9/15/2013 4 L 5 92.3 0.05 31.4 . . . 
11/26/2013 4 S 1 65.3 0.25 27.3 0.65 12.0 21.7 
11/26/2013 4 S 2 75.3 0.17 43.3 1.10 17.9 18.9 
11/26/2013 4 S 3 63.9 0.33 20.9 0.54 9.8 21.2 
11/26/2013 4 S 4 57.1 0.40 18.5 0.46 7.5 18.8 
11/26/2013 4 S 5 74.9 0.17 32.6 0.76 14.3 22.0 
11/26/2013 4 L 1 70.2 0.19 29.4 1.00 16.8 19.6 
11/26/2013 4 L 2 78.3 0.14 33.5 0.98 15.8 18.9 
11/26/2013 4 L 3 40.2 0.68 7.5 0.35 5.7 19.0 
11/26/2013 4 L 4 76.2 0.19 46.1 1.28 20.5 20.1 
11/26/2013 4 L 5 86.3 0.10 45.8 1.59 24.9 18.3 
11/29/2013 1 S 1 77.5 0.17 52.6 1.33 25.2 22.1 
11/29/2013 1 S 2 91.1 0.07 40.6 1.30 22.9 20.6 
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11/29/2013 1 S 3 80.7 0.16 38.0 0.92 17.4 22.0 
11/29/2013 1 S 4 80.2 0.13 43.7 1.09 24.1 25.7 
11/29/2013 1 S 5 77.9 0.13 43.4 1.09 19.9 21.3 
11/29/2013 1 L 1 79.0 0.13 48.6 1.33 22.8 20.1 
11/29/2013 1 L 2 94.8 0.04 38.5 1.07 16.8 18.4 
11/29/2013 1 L 3 89.2 0.08 59.4 1.57 28.0 20.8 
11/29/2013 1 L 4 75.2 0.13 43.8 1.35 23.1 20.0 
11/29/2013 1 L 5 85.0 0.12 55.6 1.38 25.3 21.5 
5/21/2014 1 S 1 81.4 0.12 49.5 1.14 22.3 22.8 
5/21/2014 1 S 2 87.8 0.13 49.5 1.38 22.5 19.1 
5/21/2014 1 S 3 69.8 0.23 27.8 0.68 12.8 22.0 
5/21/2014 1 S 4 76.1 0.21 28.9 0.74 15.1 23.9 
5/21/2014 1 S 5 72.2 0.17 36.3 0.92 16.6 21.1 
5/21/2014 1 L 1 91.0 0.10 32.6 1.12 19.1 19.9 
5/21/2014 1 L 2 92.6 0.09 50.6 1.27 21.9 20.2 
5/21/2014 1 L 3 87.2 0.12 51.4 1.10 24.5 26.2 
5/21/2014 1 L 4 92.9 0.09 43.6 1.27 19.7 18.1 
5/21/2014 1 L 5 89.8 0.08 58.4 1.42 25.7 21.2 
5/24/2014 4 S 1 74.7 0.21 37.6 0.88 18.0 23.9 
5/24/2014 4 S 2 63.9 0.29 24.5 0.66 10.6 18.7 
5/24/2014 4 S 3 77.1 0.14 26.7 0.74 11.4 18.0 
5/24/2014 4 S 4 75.0 0.19 39.3 1.03 18.9 21.4 
5/24/2014 4 S 5 63.9 0.31 21.1 0.63 9.9 18.4 
5/24/2014 4 L 1 90.7 0.08 42.0 1.24 18.2 17.1 
5/24/2014 4 L 2 76.5 0.18 48.4 1.40 25.1 21.0 
5/24/2014 4 L 3 61.2 0.34 22.3 1.04 15.0 16.9 
5/24/2014 4 L 4 86.4 0.11 32.5 1.12 14.0 14.7 
5/24/2014 4 L 5 85.0 0.15 41.5 1.10 19.2 20.5 
7/21/2014 1 S 1 80.1 0.10 47.7 . . . 
7/21/2014 1 S 2 74.5 0.18 54.9 . . . 
7/21/2014 1 S 3 77.0 0.14 45.6 . . . 
7/21/2014 1 S 4 56.6 0.48 37.8 . . . 
7/21/2014 1 S 5 71.2 0.27 43.3 . . . 
7/21/2014 1 L 1 89.9 0.13 42.6 . . . 
7/21/2014 1 L 2 77.0 0.19 39.2 . . . 
7/21/2014 1 L 3 93.4 0.08 59.3 . . . 
7/21/2014 1 L 4 58.3 0.50 39.1 . . . 
7/21/2014 1 L 5 69.3 0.21 46.5 . . . 
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7/22/2014 4 S 1 77.8 0.20 49.8 . . . 
7/22/2014 4 S 2 83.3 0.14 38.6 . . . 
7/22/2014 4 S 3 79.3 0.14 38.1 . . . 
7/22/2014 4 S 4 77.1 0.15 16.8 . . . 
7/22/2014 4 S 5 79.0 0.13 34.9 . . . 
7/22/2014 4 L 1 92.3 0.07 34.5 . . . 
7/22/2014 4 L 2 91.8 0.10 37.7 . . . 
7/22/2014 4 L 3 85.8 0.07 34.3 . . . 
7/22/2014 4 L 4 75.5 0.17 15.3 . . . 
7/22/2014 4 L 5 80.4 0.16 25.9 . . . 
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Table E.3 Porewater data for Chapter 1 
Date Site ID / rep pH Salinity 
10/12/2011 1 L P1 7.50 13.97 
10/12/2011 1 L P2 7.55 14.01 
10/12/2011 1 L P3 7.15 13.73 
10/12/2011 1 L S1 7.60 15.96 
10/12/2011 1 L S2 7.35 15.16 
10/12/2011 1 L S3 7.30 15.36 
10/12/2011 1 L U1 . . 
10/12/2011 1 L U2 . . 
10/15/2011 4 L P1 7.05 9.32 
10/15/2011 4 L P2 7.07 13.04 
10/15/2011 4 L P3 7.25 12.55 
10/15/2011 4 L S1 7.10 8.15 
10/15/2011 4 L S2 7.05 8.67 
10/15/2011 4 L S3 6.80 14.67 
10/15/2011 4 L U1 . . 
10/17/2011 3 L M1 . . 
10/17/2011 3 L P1 . . 
10/17/2011 3 L P2 . . 
10/17/2011 3 L P3 . . 
10/17/2011 3 L S1 . . 
10/17/2011 3 L S2 . . 
10/17/2011 3 L S3 . . 
10/20/2011 2 L P1 7.26 13.00 
10/20/2011 2 L P2 7.42 5.19 
10/20/2011 2 L P3 7.41 10.82 
10/20/2011 2 L S1 7.33 5.61 
10/20/2011 2 L S2 7.09 16.09 
10/20/2011 2 L S3 7.51 4.40 
10/20/2011 2 L U1 . . 
10/20/2011 2 L U2 . . 
6/27/2012 4 S  6.18 27.60 
6/27/2012 4 L  6.43 27.50 
6/27/2012 3 S  7.02 25.50 
6/27/2012 3 L  6.90 23.80 
6/27/2012 1 S  6.15 19.83 
6/27/2012 1 L  6.06 17.46 
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6/27/2012 2 S  6.56 22.70 
6/27/2012 2 L  6.54 18.73 
8/21/2012 4 S  3.76 27.80 
8/21/2012 4 L  6.53 33.65 
8/21/2012 3 S  7.30 22.65 
8/21/2012 3 L  7.54 27.75 
8/21/2012 1 S  4.75 26.85 
8/21/2012 1 L  3.89 27.90 
8/21/2012 2 S  4.66 26.70 
8/21/2012 2 L  6.25 18.04 
8/28/2013 1 S 1 6.51 29.99 
8/28/2013 1 S 2 6.81 28.72 
8/28/2013 1 S 3 6.89 24.20 
8/28/2013 1 S 4 6.87 29.69 
8/28/2013 1 S 5 6.68 28.74 
8/28/2013 1 L 1 6.75 23.74 
8/28/2013 1 L 2 6.98 27.16 
8/28/2013 1 L 3 6.77 27.66 
8/28/2013 1 L 4 6.67 23.54 
8/28/2013 1 L 5 6.81 23.86 
9/15/2013 4 S 1 7.16 29.90 
9/15/2013 4 S 2 7.14 31.00 
9/15/2013 4 S 3 7.37 29.40 
9/15/2013 4 S 4 7.64 30.40 
9/15/2013 4 S 5 7.28 29.90 
9/15/2013 4 L 1 6.95 33.30 
9/15/2013 4 L 2 6.35 28.10 
9/15/2013 4 L 3 6.68 30.10 
9/15/2013 4 L 4 6.44 35.90 
9/15/2013 4 L 5 6.40 30.60 
11/26/2013 4 S 1 . 32.00 
11/26/2013 4 S 2 7.93 33.30 
11/26/2013 4 S 3 6.80 32.00 
11/26/2013 4 S 4 . 37.00 
11/26/2013 4 S 5 6.95 30.00 
11/26/2013 4 L 1 7.17 36.90 
11/26/2013 4 L 2 6.85 33.70 
11/26/2013 4 L 3 . . 
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11/26/2013 4 L 4 6.97 30.10 
11/26/2013 4 L 5 6.60 29.40 
11/29/2013 1 S 1 6.64 30.20 
11/29/2013 1 S 2 8.11 33.20 
11/29/2013 1 S 3 7.29 32.90 
11/29/2013 1 S 4 6.74 28.10 
11/29/2013 1 S 5 7.16 30.30 
11/29/2013 1 L 1 6.97 28.50 
11/29/2013 1 L 2 6.88 29.50 
11/29/2013 1 L 3 6.89 28.80 
11/29/2013 1 L 4 6.76 28.80 
11/29/2013 1 L 5 6.49 24.60 
5/21/2014 1 S 1 6.88 20.27 
5/21/2014 1 S 2 6.62 23.10 
5/21/2014 1 S 3 6.83 22.10 
5/21/2014 1 S 4 6.86 20.85 
5/21/2014 1 S 5 6.53 20.15 
5/21/2014 1 L 1 6.57 20.29 
5/21/2014 1 L 2 6.48 19.74 
5/21/2014 1 L 3 6.37 20.68 
5/21/2014 1 L 4 6.49 18.89 
5/21/2014 1 L 5 6.46 20.06 
5/24/2014 4 S 1 6.73 29.40 
5/24/2014 4 S 2 7.17 29.60 
5/24/2014 4 S 3 6.44 29.90 
5/24/2014 4 S 4 6.46 29.00 
5/24/2014 4 S 5 7.67 29.30 
5/24/2014 4 L 1 6.48 29.50 
5/24/2014 4 L 2 6.43 19.37 
5/24/2014 4 L 3 6.56 26.10 
5/24/2014 4 L 4 6.50 26.60 
5/24/2014 4 L 5 6.37 27.60 
7/21/2014 1 S 1 6.28 22.30 
7/21/2014 1 S 2 5.98 24.80 
7/21/2014 1 S 3 6.94 23.40 
7/21/2014 1 S 4 6.54 23.20 
7/21/2014 1 S 5 6.85 26.80 
7/21/2014 1 L 1 6.98 26.50 
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7/21/2014 1 L 2 6.82 35.50 
7/21/2014 1 L 3 7.05 22.80 
7/21/2014 1 L 4 6.20 23.00 
7/21/2014 1 L 5 6.40 . 
7/22/2014 4 S 1 6.70 17.75 
7/22/2014 4 S 2 6.85 33.30 
7/22/2014 4 S 3 6.57 34.80 
7/22/2014 4 S 4 7.50 32.90 
7/22/2014 4 S 5 6.84 32.00 
7/22/2014 4 L 1 7.14 31.90 
7/22/2014 4 L 2 6.52 31.50 
7/22/2014 4 L 3 6.48 30.20 
7/22/2014 4 L 4 6.89 18.53 
7/22/2014 4 L 5 4.61 30.60 
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Table E.4 Species composition data for Chapter 1 















































































10/12/2011 1 L P1 100 0 0 0 0 0 0 
10/12/2011 1 L P2 100 0 0 0 0 0 0 
10/12/2011 1 L P3 100 0 0 0 0 0 0 
10/12/2011 1 L S1 0 100 0 0 0 0 0 
10/12/2011 1 L S2 0 100 0 0 0 0 0 
10/12/2011 1 L S3 0 100 0 0 0 0 0 
10/12/2011 1 L U1 0 0 0 0 0 0 0 
10/12/2011 1 L U2 0 0 0 0 0 0 0 
10/15/2011 4 L P1 100 0 0 0 0 0 0 
10/15/2011 4 L P2 100 0 0 0 0 0 0 
10/15/2011 4 L P3 100 0 0 0 0 0 0 
10/15/2011 4 L S1 0 100 0 0 0 0 0 
10/15/2011 4 L S2 0 100 0 0 0 0 0 
10/15/2011 4 L S3 0 100 0 0 0 0 0 
10/15/2011 4 L U1 0 0 0 0 0 0 0 
10/17/2011 3 L M1 54.6 0 0 0 0 45.4 0 
10/17/2011 3 L P1 100 0 0 0 0 0 0 
10/17/2011 3 L P2 100 0 0 0 0 0 0 
10/17/2011 3 L P3 100 0 0 0 0 0 0 
10/17/2011 3 L S1 0 0 0 0 0 100 0 
10/17/2011 3 L S2 0 0 0 0 0 100 0 
10/17/2011 3 L S3 0 0 0 0 0 100 0 
10/20/2011 2 L P1 100 0 0 0 0 0 0 
10/20/2011 2 L P2 100 0 0 0 0 0 0 
10/20/2011 2 L P3 100 0 0 0 0 0 0 
10/20/2011 2 L S1 0 100 0 0 0 0 0 
10/20/2011 2 L S2 0 100 0 0 0 0 0 
10/20/2011 2 L S3 0 100 0 0 0 0 0 
10/20/2011 2 L U1 0 0 0 0 0 0 0 
10/20/2011 2 L U2 0 0 0 0 0 0 0 
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6/26/2012 4 S A 0 6.1 86.8 7.1 0 0 0 
6/26/2012 4 S B 0 16.6 63.1 20.3 0 0 0 
6/26/2012 4 L A 0 0 0 100 0 0 0 
6/26/2012 4 L B 0 0 18.9 81.1 0 0 0 
6/26/2012 3 S A 0 0 100 0 0 0 0 
6/26/2012 3 S B 0 0 100 0 0 0 0 
6/26/2012 3 L A 0 0 15.5 0 0 84.5 0 
6/26/2012 3 L B 0 0 15.1 0 0 84.9 0 
6/26/2012 1 S A 0 0 96.4 3.6 0 0 0 
6/26/2012 1 S B 0 0 100 0 0 0 0 
6/26/2012 1 L A 0 0 100 0 0 0 0 
6/26/2012 1 L B 0 0 89.9 10.1 0 0 0 
6/26/2012 2 S A 0 19.2 62.6 18.2 0 0 0 
6/26/2012 2 S B 0 0.5 75.2 24.3 0 0 0 
6/26/2012 2 L A 0 0 5.1 94.9 0 0 0 
6/26/2012 2 L B 0 0 5.8 94.2 0 0 0 
8/13/2012 4 S A 0 12.5 72.4 15.2 0 0 0 
8/13/2012 4 S B 0 3.7 80.1 16.2 0 0 0 
8/13/2012 4 S C 0 0 100 0 0 0 0 
8/13/2012 4 L A 0 0 5.1 94.9 0 0 0 
8/13/2012 4 L B 0 0 9.0 91.0 0 0 0 
8/13/2012 4 L C 0 0 0 100 0 0 0 
8/13/2012 3 S A 0 0 100 0 0 0 0 
8/13/2012 3 S B 0 0 100 0 0 0 0 
8/13/2012 3 S C 0 0 100 0 0 0 0 
8/13/2012 3 L A 0 0 0 0 14.7 85.3 0 
8/13/2012 3 L B 0 0 0 35.4 0 47.3 17.3 
8/13/2012 3 L C 0 0 0 16.7 0 49.9 33.4 
8/13/2012 1 S A 0 0 100 0 0 0 0 
8/13/2012 1 S B 0 0 87.2 10.5 2.3 0 0 
8/13/2012 1 S C 0 0 90.3 9.7 0 0 0 
8/13/2012 1 L A 0 0 88.8 11.2 0 0 0 
8/13/2012 1 L B 0 0 98.0 0 2.0 0 0 
8/13/2012 1 L C 0 0 100 0 0 0 0 
8/13/2012 2 S A 0 15.6 72.2 12.2 0 0 0 
8/13/2012 2 S B 0 0 83.8 16.2 0 0 0 
8/13/2012 2 S C 0 8.0 67.4 24.7 0 0 0 
8/13/2012 2 L A 0 0 1.9 98.1 0 0 0 
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8/13/2012 2 L B 0 0 7.3 92.7 0 0 0 
8/13/2012 2 L C 0 0 0 100 0 0 0 
8/28/2013 1 S 1 0 0 96.7 3.3 0 0 0 
8/28/2013 1 S 2 0 79.9 7.5 0 12.6 0 0 
8/28/2013 1 S 3 0 59.2 30.8 0 10.0 0 0 
8/28/2013 1 S 4 0 100 0 0 0 0 0 
8/28/2013 1 S 5 0 72.5 10.4 0 17.1 0 0 
8/28/2013 1 L 1 0 62.2 1.5 2.6 33.7 0 0 
8/28/2013 1 L 2 0 100 0 0 0 0 0 
8/28/2013 1 L 3 0 88.4 4.2 3.3 4.1 0 0 
8/28/2013 1 L 4 0 0 90.4 0 9.6 0 0 
8/28/2013 1 L 5 0 96.8 0 3.2 0 0 0 
9/15/2013 4 S 1 0 51.2 45.2 0 3.6 0 0 
9/15/2013 4 S 2 0 25.8 44.3 29.9 0 0 0 
9/15/2013 4 S 3 0 0 21.7 78.3 0 0 0 
9/15/2013 4 S 4 0 21.3 59.7 18.2 0 0 0 
9/15/2013 4 S 5 0 15.9 33.4 50.7 0 0 0 
9/15/2013 4 L 1 0 0 0 100 0 0 0 
9/15/2013 4 L 2 0 98.3 1.7 0 0 0 0 
9/15/2013 4 L 3 0 2.4 13.7 83.9 0 0 0 
9/15/2013 4 L 4 0 88.1 11.9 0 0 0 0 
9/15/2013 4 L 5 0 100 0 0 0 0 0 
11/26/2013 4 S 1 0 0 28.6 71.4 0 0 0 
11/26/2013 4 S 2 0 85.9 10.7 2.7 0.7 0 0 
11/26/2013 4 S 3 0 83.5 11.9 4.7 0 0 0 
11/26/2013 4 S 4 0 0 45.7 54.3 0 0 0 
11/26/2013 4 S 5 0 87.3 12.7 0 0 0 0 
11/26/2013 4 L 1 0 0 1.0 99.0 0 0 0 
11/26/2013 4 L 2 0 100 0 0 0 0 0 
11/26/2013 4 L 3 0 21.5 78.5 0 0 0 0 
11/26/2013 4 L 4 0 0 90.6 9.4 0 0 0 
11/26/2013 4 L 5 0 93.5 0 6.5 0 0 0 
11/29/2013 1 S 1 0 0 97.9 0 2.1 0 0 
11/29/2013 1 S 2 0 100 0 0 0 0 0 
11/29/2013 1 S 3 0 0 0 0 0 0 0 
11/29/2013 1 S 4 0 0 98.0 0 2.0 0 0 
11/29/2013 1 S 5 0 61.9 32.1 0 6.0 0 0 
11/29/2013 1 L 1 0 67.5 0 7.2 25.4 0 0 
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11/29/2013 1 L 2 0 100 0 0 0 0 0 
11/29/2013 1 L 3 0 100 0 0 0 0 0 
11/29/2013 1 L 4 0 0 79.8 20.2 0 0 0 
11/29/2013 1 L 5 0 0 76.3 10.6 13.1 0 0 
5/21/2014 1 S 1 0 21.3 51.1 18.1 9.5 0 0 
5/21/2014 1 S 2 0 100 0 0 0 0 0 
5/21/2014 1 S 3 0 14.9 85.1 0 0 0 0 
5/21/2014 1 S 4 0 0 100 0 0 0 0 
5/21/2014 1 S 5 0 0 100 0 0 0 0 
5/21/2014 1 L 1 0 85.4 0 0 14.6 0 0 
5/21/2014 1 L 2 0 89.1 0 0 10.9 0 0 
5/21/2014 1 L 3 0 87.5 0 0 12.5 0 0 
5/21/2014 1 L 4 0 100 0 0 0 0 0 
5/21/2014 1 L 5 0 100 0 0 0 0 0 
5/24/2014 4 S 1 0 63.2 36.8 0 0 0 0 
5/24/2014 4 S 2 0 81.1 0 18.9 0 0 0 
5/24/2014 4 S 3 0 100 0 0 0 0 0 
5/24/2014 4 S 4 0 100 0 0 0 0 0 
5/24/2014 4 S 5 0 54.3 45.7 0 0 0 0 
5/24/2014 4 L 1 0 100 0 0 0 0 0 
5/24/2014 4 L 2 64.8 0 0 35.2 0 0 0 
5/24/2014 4 L 3 0 90.0 0 4.4 5.6 0 0 
5/24/2014 4 L 4 0 100 0 0 0 0 0 
5/24/2014 4 L 5 0 0 0 100 0 0 0 
7/21/2014 1 S 1 0 0 100 0 0 0 0 
7/21/2014 1 S 2 0 32.2 67.7 0 0.1 0 0 
7/21/2014 1 S 3 0 0 100 0 0 0 0 
7/21/2014 1 S 4 0 0 100 0 0 0 0 
7/21/2014 1 S 5 0 56.8 43.2 0 0 0 0 
7/21/2014 1 L 1 0 100 0 0 0 0 0 
7/21/2014 1 L 2 0 67.2 0 0 32.8 0 0 
7/21/2014 1 L 3 0 88.8 0 0 11.2 0 0 
7/21/2014 1 L 4 0 0.3 50.3 49.4 0 0 0 
7/21/2014 1 L 5 0 17.1 68.4 14.5 0 0 0 
7/22/2014 4 S 1 21.9 0.3 77.8 0 0 0 0 
7/22/2014 4 S 2 0 0 100 0 0 0 0 
7/22/2014 4 S 3 0 100 0 0 0 0 0 
7/22/2014 4 S 4 0 0 10.2 89.8 0 0 0 
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7/22/2014 4 S 5 0 28.0 59.1 12.9 0 0 0 
7/22/2014 4 L 1 0 0 27.6 72.4 0 0 0 
7/22/2014 4 L 2 0 88.9 9.3 1.8 0 0 0 
7/22/2014 4 L 3 0 100 0 0 0 0 0 
7/22/2014 4 L 4 24.7 0 75.3 0 0 0 0 
7/22/2014 4 L 5 0 0 76.8 0 23.2 0 0 
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Table E.5 Aboveground biomass data for Chapter 1 








10/12/2011 1 L P1 713.3 0 713.3 1 
10/12/2011 1 L P2 727.0 0 727.0 1 
10/12/2011 1 L P3 1025.0 0 1025.0 1 
10/12/2011 1 L S1 712.1 0 712.1 1 
10/12/2011 1 L S2 744.8 0 744.8 1 
10/12/2011 1 L S3 372.7 0 372.7 1 
10/12/2011 1 L U1 0 0 0 0 
10/12/2011 1 L U2 0 0 0 0 
10/15/2011 4 L P1 687.9 0 687.9 1 
10/15/2011 4 L P2 1179.3 0 1179.3 1 
10/15/2011 4 L P3 896.4 0 896.4 1 
10/15/2011 4 L S1 945.1 0 945.1 1 
10/15/2011 4 L S2 558.3 0 558.3 1 
10/15/2011 4 L S3 502.9 0 502.9 1 
10/15/2011 4 L U1 0 0 0 0 
10/17/2011 3 L M1 394.4 0 394.4 2 
10/17/2011 3 L P1 1708.4 0 1708.4 1 
10/17/2011 3 L P2 616.2 0 616.2 1 
10/17/2011 3 L P3 1715.7 0 1715.7 1 
10/17/2011 3 L S1 414.1 0 414.1 1 
10/17/2011 3 L S2 729.9 0 729.9 1 
10/17/2011 3 L S3 404.3 0 404.3 1 
10/20/2011 2 L P1 1262.1 0 1262.1 1 
10/20/2011 2 L P2 515.7 0 515.7 1 
10/20/2011 2 L P3 636.9 0 636.9 1 
10/20/2011 2 L S1 243.5 0 243.5 1 
10/20/2011 2 L S2 186.2 0 186.2 1 
10/20/2011 2 L S3 351.4 0 351.4 1 
10/20/2011 2 L U1 0 0 0 0 
10/20/2011 2 L U2 0 0 0 0 
6/26/2012 4 S A 371.7 344.9 716.6 4 
6/26/2012 4 S B 323.8 514.9 838.7 4 
6/26/2012 4 L A 252.9 574.1 827.0 2 
6/26/2012 4 L B 193.7 606.0 799.7 3 
6/26/2012 3 S A 93.7 243.4 337.1 3 
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6/26/2012 3 S B 102.4 220.5 322.9 1 
6/26/2012 3 L A 64.9 70.8 135.8 2 
6/26/2012 3 L B 109.0 123.3 232.3 2 
6/26/2012 1 S A 292.8 49.6 342.5 3 
6/26/2012 1 S B 414.4 84.5 499.0 1 
6/26/2012 1 L A 286.7 62.7 349.4 3 
6/26/2012 1 L B 347.3 68.1 415.4 3 
6/26/2012 2 S A 307.9 211.0 518.9 4 
6/26/2012 2 S B 241.2 165.6 406.8 4 
6/26/2012 2 L A 232.5 0 232.5 3 
6/26/2012 2 L B 473.1 0 473.1 3 
8/13/2012 4 S A 419.1 163.2 582.3 3 
8/13/2012 4 S B 301.3 143.0 444.3 3 
8/13/2012 4 S C 339.4 195.3 534.7 1 
8/13/2012 4 L A 328.0 270.7 598.7 2 
8/13/2012 4 L B 580.1 318.8 899.0 2 
8/13/2012 4 L C 362.8 252.5 615.3 1 
8/13/2012 3 S A 296.3 68.5 364.8 1 
8/13/2012 3 S B 74.4 235.6 310.0 1 
8/13/2012 3 S C 115.2 250.9 366.0 1 
8/13/2012 3 L A 59.7 76.5 136.2 3 
8/13/2012 3 L B 145.4 77.6 223.1 5 
8/13/2012 3 L C 108.5 61.9 170.4 3 
8/13/2012 1 S A 344.9 71.9 416.9 1 
8/13/2012 1 S B 351.2 82.3 433.5 4 
8/13/2012 1 S C 321.0 0 321.0 2 
8/13/2012 1 L A 277.9 55.6 333.5 2 
8/13/2012 1 L B 313.6 0 313.6 3 
8/13/2012 1 L C 291.1 56.4 347.5 1 
8/13/2012 2 S A 293.0 145.8 438.8 3 
8/13/2012 2 S B 241.9 249.4 491.3 3 
8/13/2012 2 S C 293.3 171.0 464.3 3 
8/13/2012 2 L A 440.4 328.7 769.1 2 
8/13/2012 2 L B 709.5 350.2 1059.7 2 
8/13/2012 2 L C 216.3 180.6 396.9 1 
8/28/2013 1 S 1 935.0 0 935.0 2 
8/28/2013 1 S 2 544.6 21.0 565.6 3 
8/28/2013 1 S 3 704.8 36.6 741.3 3 
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8/28/2013 1 S 4 494.0 17.8 511.8 1 
8/28/2013 1 S 5 384.3 80.4 464.7 3 
8/28/2013 1 L 1 1015.6 49.2 1064.8 4 
8/28/2013 1 L 2 614.0 57.0 671.0 1 
8/28/2013 1 L 3 837.1 166.4 1003.5 4 
8/28/2013 1 L 4 574.5 0 574.5 2 
8/28/2013 1 L 5 524.9 123.7 648.6 2 
9/15/2013 4 S 1 389.6 51.6 441.2 3 
9/15/2013 4 S 2 827.1 200.3 1027.5 3 
9/15/2013 4 S 3 445.5 351.8 797.3 2 
9/15/2013 4 S 4 650.3 139.3 789.6 4 
9/15/2013 4 S 5 712.5 161.7 874.2 3 
9/15/2013 4 L 1 653.4 288.5 941.9 1 
9/15/2013 4 L 2 375.7 35.9 411.6 2 
9/15/2013 4 L 3 745.6 201.5 947.1 3 
9/15/2013 4 L 4 452.3 104.7 557.1 2 
9/15/2013 4 L 5 481.6 9.0 490.6 1 
11/26/2013 4 S 1 0 621.1 621.1 2 
11/26/2013 4 S 2 0 596.8 596.8 4 
11/26/2013 4 S 3 28.4 239.3 267.7 3 
11/26/2013 4 S 4 0 521.8 521.8 2 
11/26/2013 4 S 5 0 641.1 641.1 2 
11/26/2013 4 L 1 0 949.4 949.4 2 
11/26/2013 4 L 2 0 320.5 320.5 1 
11/26/2013 4 L 3 0 901.6 901.6 2 
11/26/2013 4 L 4 0 700.8 700.8 2 
11/26/2013 4 L 5 61.7 416.3 478.0 2 
11/29/2013 1 S 1 0 410.9 410.9 2 
11/29/2013 1 S 2 0 256.9 256.9 1 
11/29/2013 1 S 3 0 0 0 1 
11/29/2013 1 S 4 0 413.2 413.2 2 
11/29/2013 1 S 5 0 449.5 449.5 3 
11/29/2013 1 L 1 0 299.5 299.5 3 
11/29/2013 1 L 2 0 200.9 200.9 1 
11/29/2013 1 L 3 0 278.9 278.9 1 
11/29/2013 1 L 4 0 714.7 714.7 2 
11/29/2013 1 L 5 0 571.2 571.2 3 
5/21/2014 1 S 1 56.4 420.5 477.0 4 
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5/21/2014 1 S 2 37.4 238.7 276.1 1 
5/21/2014 1 S 3 112.9 675.9 788.8 3 
5/21/2014 1 S 4 67.7 548.7 616.5 2 
5/21/2014 1 S 5 113.0 472.6 585.6 1 
5/21/2014 1 L 1 40.6 266.7 307.2 2 
5/21/2014 1 L 2 53.0 160.2 213.2 2 
5/21/2014 1 L 3 41.7 184.1 225.8 2 
5/21/2014 1 L 4 61.2 311.5 372.8 1 
5/21/2014 1 L 5 58.0 261.0 319.0 1 
5/24/2014 4 S 1 25.7 198.4 224.1 4 
5/24/2014 4 S 2 32.6 439.4 472.0 2 
5/24/2014 4 S 3 70.1 164.0 234.1 1 
5/24/2014 4 S 4 45.2 298.5 343.7 1 
5/24/2014 4 S 5 60.2 1033.5 1093.7 2 
5/24/2014 4 L 1 73.8 278.6 352.3 1 
5/24/2014 4 L 2 59.0 638.3 697.2 2 
5/24/2014 4 L 3 115.7 205.5 321.2 4 
5/24/2014 4 L 4 75.2 241.3 316.5 1 
5/24/2014 4 L 5 11.7 656.6 668.4 1 
7/21/2014 1 S 1 551.9 330.1 881.9 2 
7/21/2014 1 S 2 485.9 170.1 656.1 3 
7/21/2014 1 S 3 467.9 300.5 768.4 2 
7/21/2014 1 S 4 557.2 314.1 871.3 2 
7/21/2014 1 S 5 202.9 383.0 585.9 3 
7/21/2014 1 L 1 426.4 366.6 793.0 1 
7/21/2014 1 L 2 50.6 23.9 74.5 2 
7/21/2014 1 L 3 227.6 80.8 308.5 2 
7/21/2014 1 L 4 525.4 515.9 1041.3 3 
7/21/2014 1 L 5 299.6 156.6 456.2 4 
7/22/2014 4 S 1 667.8 583.2 1251.0 4 
7/22/2014 4 S 2 364.0 412.7 776.7 1 
7/22/2014 4 S 3 223.7 185.0 408.7 1 
7/22/2014 4 S 4 451.4 740.5 1191.9 2 
7/22/2014 4 S 5 368.7 306.7 675.4 4 
7/22/2014 4 L 1 153.4 255.5 408.9 2 
7/22/2014 4 L 2 202.7 109.7 312.4 3 
7/22/2014 4 L 3 529.6 206.6 736.2 1 
7/22/2014 4 L 4 352.0 390.3 742.3 2 
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7/22/2014 4 L 5 406.1 325.9 732.0 4 
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Table E.6 Belowground biomass data for Chapter 1 







10/12/2011 1 L P 20.38 . 130.97 
10/12/2011 1 L S 18.44 . 62.58 
10/15/2011 4 L P 16.54 . 162.70 
10/15/2011 4 L S 7.50 . 26.86 
10/17/2011 3 L P 7.84 . 72.72 
10/17/2011 3 L S 14.44 . 118.03 
10/20/2011 2 L P 4.57 . 127.83 
10/20/2011 2 L S 2.82 . 161.09 
6/26/2012 4 S A 0.61 6.75 34.43 
6/26/2012 4 S B 1.62 8.91 29.58 
6/26/2012 4 L A 0.46 1.06 13.07 
6/26/2012 4 L B 1.17 2.90 30.17 
6/26/2012 3 S A 0.20 1.12 0 
6/26/2012 3 S B 0.19 0.98 1.33 
6/26/2012 3 L A 0.67 0.14 4.10 
6/26/2012 3 L B 0.39 0 1.34 
6/26/2012 1 S A 1.78 5.84 54.58 
6/26/2012 1 S B 0.65 3.42 45.57 
6/26/2012 1 L A 2.42 9.36 48.01 
6/26/2012 1 L B 1.87 8.09 50.07 
6/26/2012 2 S A 1.27 6.21 42.46 
6/26/2012 2 S B 0.87 5.23 39.25 
6/26/2012 2 L A 1.31 3.89 2.20 
6/26/2012 2 L B 5.86 2.37 7.47 
8/13/2012 4 S A 1.15 6.34 64.03 
8/13/2012 4 S B 1.15 4.75 45.44 
8/13/2012 4 L A 0.45 2.23 12.48 
8/13/2012 4 L B 0.66 5.36 18.39 
8/13/2012 3 S A 0.20 1.31 1.85 
8/13/2012 3 S B 0.24 1.38 3.19 
8/13/2012 3 L A 0.20 0.08 4.18 
8/13/2012 3 L B 0.23 0.20 5.83 
8/13/2012 1 S A 1.17 3.92 46.18 
8/13/2012 1 S B 0.25 2.73 38.59 
8/13/2012 1 L A 0.26 2.71 34.57 
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8/13/2012 1 L B 0.11 2.01 39.87 
8/13/2012 2 S A 0.72 6.30 35.66 
8/13/2012 2 S B 0.19 6.62 33.82 
8/13/2012 2 L A 0.51 3.42 9.77 
8/13/2012 2 L B 0.47 3.83 10.79 
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Table E.7 Mass Audubon historical salinity transect data for Chapter 1 
Site Date Restoration Transect Station Salinity 
2L 9/13/2002 Before 3 1.3 30 
2L 9/13/2002 Before 3 2.3 30 
2L 9/13/2002 Before 3 3.3 35 
2L 10/3/2003 Before 3 1.3 30 
2L 10/3/2003 Before 3 2.3 33 
2L 10/3/2003 Before 3 3.3 36 
2L 10/6/2004 Before 3 1.3 24 
2L 10/6/2004 Before 3 2.3 23 
2L 10/6/2004 Before 3 3.3 25 
2L 11/7/2005 After 3 1.3 25 
2L 11/7/2005 After 3 2.3 25 
2L 11/7/2005 After 3 3.3 24 
2L 8/29/2006 After 3 1.3 28 
2L 8/29/2006 After 3 2.3 26 
2L 8/29/2006 After 3 3.3 30 
2L 10/18/2007 After 3 1.3 34 
2L 10/18/2007 After 3 2.3 30 
2L 10/18/2007 After 3 3.3 33 
2L 10/3/2008 After 3 1.3 27 
2L 10/3/2008 After 3 2.3 25 
2L 10/3/2008 After 3 3.3 29 
2L 10/23/2009 After 3 1.3 30 
2L 10/23/2009 After 3 2.3 27 
2L 10/23/2009 After 3 3.3 25 
2L 10/29/2010 After 3 1.3 33 
2L 10/29/2010 After 3 2.3 32 
2L 10/29/2010 After 3 3.3 34 
2L 11/2/2011 After 3 1.3 28 
2L 11/2/2011 After 3 2.3 32 
2L 11/2/2011 After 3 3.3 33 
2L 10/23/2012 After 3 1.3 40 
2L 10/23/2012 After 3 2.3 33 
2L 10/23/2012 After 3 3.3 34 
2L 10/11/2013 After 3 1.3 32 
2L 10/11/2013 After 3 2.3 29 
2L 10/11/2013 After 3 3.3 31 
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2S 10/18/2000 Before 0 3 24 
2S 10/18/2001 Before 0 1 22 
2S 10/18/2001 Before 0 2 35 
2S 10/18/2001 Before 0 3 25 
2S 9/13/2002 Before 0 1 35 
2S 9/13/2002 Before 0 2 30 
2S 9/13/2002 Before 0 3 35 
2S 10/3/2003 Before 0 1 24 
2S 10/3/2003 Before 0 2 26 
2S 10/3/2003 Before 0 3 20 
2S 10/6/2004 Before 0 1 6 
2S 10/6/2004 Before 0 2 23 
2S 10/6/2004 Before 0 3 19 
2S 11/7/2005 After 0 1 20 
2S 11/7/2005 After 0 2 30 
2S 11/7/2005 After 0 3 32 
2S 10/23/2006 After 0 1 18 
2S 10/23/2006 After 0 2 17 
2S 10/23/2006 After 0 3 18 
2S 10/18/2007 After 0 1 31 
2S 10/18/2007 After 0 2 30 
2S 10/18/2007 After 0 3 30 
2S 10/3/2008 After 0 1 23 
2S 10/3/2008 After 0 3 19 
2S 10/23/2009 After 0 1 12 
2S 10/23/2009 After 0 3 24 
2S 10/29/2010 After 0 1 24 
2S 10/29/2010 After 0 2 25 
2S 10/29/2010 After 0 3 30 
2S 10/23/2012 After 0 1 15 
2S 10/23/2012 After 0 2 20 
2S 10/23/2012 After 0 3 25 
2S 10/11/2013 After 0 1 21 
2S 10/11/2013 After 0 2 19 
2S 10/11/2013 After 0 3 25 
3L 11/5/1999 Before 1 1.1 9 
3L 11/5/1999 Before 1 2.1 15 
3L 11/5/1999 Before 1 3.1 14 
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3L 11/5/1999 Before 1 4.1 11 
3L 11/5/1999 Before 1 5.1 10 
3L 10/11/2000 After 1 1.1 10 
3L 11/7/2000 After 1 1.1 14 
3L 10/20/2004 After 1 1.1 13 
3L 10/20/2004 After 1 2.1 0 
3L 10/23/2006 After 1 1.1 21 
3L 10/23/2006 After 1 3 14 
3L 11/6/2012 After 2 1.2 16 
3L 9/27/2013 After 1 3.1 19 
3S 10/19/2004 After 0 3 20 
3S 10/20/2004 After 0 1 10 
3S 10/20/2004 After 0 2 6 
3S 10/20/2004 After 0 3 13 
3S 10/5/2005 After 0 1 25 
3S 10/23/2006 After 0 1 7 
3S 10/23/2006 After 0 2 5 
3S 11/19/2007 After 0 1 3 
3S 11/19/2007 After 0 2 8 
3S 11/19/2007 After 0 3.1 6 
3S 11/3/2008 After 0 1 6 
3S 11/3/2008 After 0 2 5 
3S 11/3/2008 After 0 3.1 11 
3S 9/10/2009 After 0 1 12 
3S 9/10/2009 After 0 2 11 
3S 9/10/2009 After 0 3 7 
3S 10/25/2010 After 0 1 12 
3S 10/25/2010 After 0 2 15 
3S 10/25/2010 After 0 3 12 
3S 11/6/2012 After 0 1 12 
3S 11/6/2012 After 0 2 12 
3S 11/6/2012 After 0 3 12 
3S 9/27/2013 After 0 1 20 
3S 9/27/2013 After 0 2 7 


























































































































2S 2000 6 20 0 0 11 10 0 0 0 0   
2S 2000.5 11 15 0 15 17 15 0 0 0 0   
2S 2001 10 17 0 2 18 9 2 0 0 0   
2S 2002 9 0 0 2 19 9 0 0 0 1   
2S 2003 8 5 7 0 12 7 0 0 2 0   
2S 2004 11 4 9 9 15 3 7 0 5 2   
2S 2005 13 13 6 12 13 18 0 0 0 0   
2S 2006 14 6 9 2 12 5 2 0 5 0   
2S 2007 10 4 1 8 6 5 2 0 0 0   
2S 2008 13 0 0 5 10 5 0 0 0 0   
2S 2009 13 0 0 0 14 2 1 0 0 0   
2S 2010 12 5 1 1 8 4 7 0 0 0   
2S 2011 13 0 0 0 6 0 0 0 3 0   
2S 2012 9 0 2 2 8 3 2 0 0 0   
2S 2013 11 0 2 8 7 0 0 0 0 0   
2S 2014 11 1 0 0 0 0 1 0 1 0   
2S 2015 14 0 0 0 5 0 7 2 2 0   



































































































    
2L 2002 10 13 0 15 10 16 0 5     
2L 2003 10 10 0 7 10 20 0 5     
2L 2004 10 11 1 14 12 20 0 2     
2L 2005 9 10 0 11 12 18 0 0     
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2L 2006 9 12 0 7 12 13 1 0     
2L 2007 3 13 0 13 14 12 0 0     
2L 2008 1 14 0 24 13 8 0 0     
2L 2009 0 15 0 5 14 21 0 1     
2L 2010 0 11 0 8 16 21 0 0     
2L 2011 0 2 0 10 13 8 0 0     
2L 2012 0 0 0 11 18 9 0 0     
2L 2013 0 7 0 20 21 10 0 0     
2L 2014 0 3 0 4 22 7 0 0     
2L 2015 0 1 0 12 24 3 0 0     









































































































































3S 2001 14 2 17 25 23 11 0 0 1 0 0  
3S 2001.5 15 8 13 12 15 2 6 16 0 19 0  
3S 2003 17 0 12 19 18 5 2 4 0 7 0  
3S 2004 18 4 19 20 17 14 3 11 0 9 1  
3S 2005 18 10 12 20 13 7 0 8 0 6 1  
3S 2006 19 6 17 14 15 11 10 9 0 12 3  
3S 2007 20 7 23 20 16 8 9 11 1 7 2  
3S 2008 20 11 22 18 17 3 0 8 0 10 3  
3S 2009 21 6 22 21 14 5 0 10 0 18 2  
3S 2010 22 10 25 20 6 6 0 9 0 1 2  
3S 2012 24 14 22 19 17 14 0 12 0 20 3  
3S 2013 24 16 24 9 12 11 0 5 0 19 4  
3S 2014 25 14 23 18 12 17 0 0 0 17 4  
3S 2015 24 17 22 17 11 17 0 1 0 12 0  














































































































































3L 1999 13 6 1 18 2 8 0 1 0 6 8 2 
3L 2000 12 8 17 17 1 15 0 9 0 0 0 0 
3L 2001 16 9 17 19 3 1 0 4 2 12 6 7 
3L 2004 17 11 11 20 0 0 1 7 0 17 0 6 
3L 2006 17 12 14 22 2 0 3 12 0 18 5 3 
3L 2007 17 11 1 21 1 0 3 11 0 20 2 0 
3L 2008 14 10 14 19 0 0 0 12 0 17 0 0 
3L 2009 18 10 11 22 2 0 4 11 1 18 1 0 
3L 2010 17 9 10 21 0 0 0 13 1 21 0 0 
3L 2012 17 12 4 20 5 0 0 16 0 15 1 0 
3L 2013 17 6 16 20 7 1 0 24 0 22 0 0 
3L 2014 20 11 16 19 11 0 0 15 1 18 5 0 




Appendix F - Chapter 2 Data  
ID codes: 
P: vegetated Phragmites australis  
S: vegetated Spartina alterniflora 
UP: bare sediment in P. australis zone 
US: bare sediment in S. alterniflora zone 
 
Table F.1 PAR, temperature, and GHG flux data for Chapter 2 














P1 1/30/2012 920 10.4 -2.0 0 0 -1138.5 
P2 2/1/2012 13 12.7 4.0 0 0 0 
P3 1/30/2012 691 . -2.0 10.9 0 0 
S1 1/30/2012 11 17.5 -2.0 0 0 0 
S2 2/1/2012 395 . 1.3 0 0 -801.0 
S3 1/30/2012 142 -0.3 -0.8 9.8 0 0 
U1 1/30/2012 165 9.4 -2.0 0 0 0 
U1 2/1/2012 329 14.8 4.0 0 0 0 
U2 2/1/2012 192 8.4 2.8 0 2.3 0 
P1 3/16/2012 1259 31.9 7.0 0 3.8 0 
P2 3/16/2012 493 18.0 8.1 0 0 0 
P3 3/16/2012 . 10.3 7.8 0 1.2 0 
S1 3/16/2012 1296 25.9 9.0 -10.8 0 0 
S2 3/16/2012 . 8.2 9.9 -3.9 0 0 
S3 3/16/2012 131 12.8 9.7 0 0 0 
UP1 3/16/2012 1278 32.2 7.0 0 5.3 -276.3 
UP2 3/16/2012 377 15.2 7.4 0 0 0 
UP3 3/16/2012 15 8.9 7.0 0 0 0 
US1 3/16/2012 1262 25.2 10.1 0 0 0 
US2 3/16/2012 . . . 0 0 0 
US3 3/16/2012 114 11.6 7.7 0 0.7 0 
P1 4/16/2012 1306 35.0 11.6 0 5.6 0 
P2 4/16/2012 714 41.7 13.6 0 13.6 0 
P3 4/16/2012 . 36.9 12.8 0 9.0 0 
S1 4/16/2012 . 35.4 15.0 19.8 0 -768.1 
S2 4/16/2012 1364 46.4 16.7 0 11.9 760.4 
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S3 4/16/2012 1518 43.1 16.0 0 1.3 0 
UP1 4/16/2012 1326 31.5 11.3 70.9 7.2 0 
UP2 4/16/2012 . 39.3 16.0 10.3 8.5 0 
UP3 4/16/2012 . 35.6 11.5 11.2 2.2 0 
US1 4/16/2012 . 40.4 15.0 18.1 11.1 0 
US2 4/16/2012 1335 37.6 18.0 8.7 0 0 
US3 4/16/2012 1564 45.9 16.5 0 0 0 
P1 5/17/2012 . 25.3 13.0 0 -4.2 0 
P2 5/17/2012 . 20.9 14.0 0 5.0 0 
P3 5/17/2012 1540 30.4 16.5 37.4 -16.6 0 
S1 5/17/2012 355 19.9 15.0 16.6 -11.7 0 
S2 5/17/2012 . 29.4 17.3 157.1 21.0 0 
S3 5/17/2012 971 22.8 16.1 13409.3 -20.1 0 
UP1 5/17/2012 171 25.9 13.0 15.6 8.7 0 
UP2 5/17/2012 168 20.6 14.0 0 5.1 0 
UP3 5/17/2012 1360 27.8 15.8 34.4 0 0 
US1 5/17/2012 . 18.2 15.0 21.7 -1.3 0 
US2 5/17/2012 566 30.0 17.1 -10.1 11.4 0 
US3 5/17/2012 . 22.2 16.1 54.5 1.9 0 
P1 6/12/2012 891 27.7 16.3 0 -41.8 0 
P2 6/12/2012 771 27.9 16.0 52.8 -14.2 0 
P3 6/12/2012 214 25.5 17.1 0 -5.3 0 
S1 6/12/2012 640 32.7 19.8 11.5 -28.6 0 
S2 6/12/2012 . 27.2 16.0 11.9 -6.6 0 
S3 6/12/2012 588 30.1 17.1 13.1 . 0 
UP1 6/12/2012 806 30.2 16.1 7.8 4.8 0 
UP2 6/12/2012 718 27.5 16.0 0 7.5 0 
UP3 6/12/2012 262 25.7 17.1 0 1.5 -287.5 
US1 6/12/2012 . 28.0 20.0 48.5 -2.7 0 
US2 6/12/2012 . 24.6 16.0 38.1 4.9 0 
US3 6/12/2012 801 29.8 17.1 37.4 4.9 0 
P1 7/17/2012 . 40.9 21.0 0 -77.7 -798.4 
P2 7/17/2012 1415 35.8 21.0 33.5 0 0 
P3 7/17/2012 688 34.7 20.0 66.5 -61.5 0 
S1 7/17/2012 1189 34.5 23.3 0 -37.0 0 
S2 7/17/2012 389 38.8 23.0 26.5 -37.8 0 
S3 7/17/2012 . 37.7 22.0 214.0 -15.3 0 
UP1 7/17/2012 . 34.2 21.0 0 14.4 0 
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UP2 7/17/2012 934 34.1 21.0 0 9.4 377.5 
UP3 7/17/2012 834 36.1 20.0 0 13.0 0 
US1 7/17/2012 931 33.8 23.3 79.4 10.8 0 
US2 7/17/2012 419 39.2 23.0 58.4 17.9 1572.2 
US3 7/17/2012 . 35.8 22.0 31.7 . 0 
P1 8/27/2012 . 26.3 20.7 0 0 0 
P2 8/27/2012 99 28.0 20.5 0 0 1568.1 
P3 8/27/2012 . 34.7 22.0 43.2 7.5 0 
S1 8/27/2012 1483 23.9 21.4 8.9 0 0 
S2 8/27/2012 140 30.8 21.3 37.9 0 -567.4 
S3 8/27/2012 412 33.9 21.1 26.5 -28.9 403.2 
UP1 8/27/2012 . 26.6 20.7 0 16.4 582.0 
UP2 8/27/2012 97 27.4 19.6 29.0 21.7 0 
UP3 8/27/2012 . 31.3 22.6 103.4 26.8 629.4 
US1 8/27/2012 782 24.3 21.5 0 7.0 0 
US2 8/27/2012 190 29.7 22.1 0 11.9 0 
US3 8/27/2012 608 31.2 21.0 26.6 17.9 800.1 
P1 9/25/2012 . 18.4 15.7 0 -19.5 0 
P2 9/25/2012 96 20.7 15.2 0 -19.2 0 
P3 9/25/2012 689 29.3 17.2 0 -22.2 0 
S1 9/25/2012 77 18.9 13.9 15.2 -30.7 0 
S2 9/25/2012 150 22.1 14.7 0 -13.6 0 
S3 9/25/2012 87 19.9 13.9 0 -1.6 0 
UP1 9/25/2012 . 19.2 15.6 0 7.4 0 
UP2 9/25/2012 93 18.5 15.5 0 5.6 0 
UP3 9/25/2012 335 25.5 16.9 0 8.5 0 
US1 9/25/2012 332 19.3 13.8 15.9 0 0 
US2 9/25/2012 401 20.4 14.6 0 6.6 0 
US3 9/25/2012 97 21.6 13.7 0 5.1 699.7 
  
 237 












P1 2/1/2012 79.3 38.8 12.1 . . 
P2 2/1/2012 61.0 27.7 4.9 . . 
P3 2/1/2012 87.5 64.9 40.3 . . 
S1 2/1/2012 80.1 41.9 12.1 . . 
S2 2/1/2012 85.4 62.7 18.4 . . 
S3 2/1/2012 90.6 74.3 12.2 . . 
U1 2/1/2012 83.5 49.6 23.6 . . 
U2 2/1/2012 89.4 58.4 14.2 . . 
P1 3/16/2012 81.1 52.0 84.2 . . 
P2 3/16/2012 84.1 56.6 82.5 . . 
P3 3/16/2012 81.2 60.1 19.0 . . 
S1 3/16/2012 76.3 37.1 66.0 . . 
S2 3/16/2012 91.7 51.3 20.3 . . 
S3 3/16/2012 85.2 50.3 44.9 . . 
UP1 3/16/2012 81.6 52.0 3.8 . . 
UP2 3/16/2012 89.3 66.7 6.6 . . 
UP3 3/16/2012 80.9 60.9 6.5 . . 
US1 3/16/2012 78.0 50.4 5.4 . . 
US2 3/16/2012 81.0 49.0 2.2 . . 
US3 3/16/2012 91.4 75.9 4.5 . . 
P1 4/16/2012 81.4 42.1 48.2 . . 
P2 4/16/2012 76.7 40.1 1.9 . . 
P3 4/16/2012 94.3 60.7 25.8 . . 
S1 4/16/2012 80.8 41.0 97.3 . . 
S2 4/16/2012 89.3 46.4 34.2 . . 
S3 4/16/2012 86.2 54.4 49.5 . . 
UP1 4/16/2012 77.8 40.2 15.0 . . 
UP2 4/16/2012 44.8 28.5 5.3 . . 
UP3 4/16/2012 69.8 43.5 46.7 . . 
US1 4/16/2012 85.1 59.8 81.0 . . 
US2 4/16/2012 84.4 45.5 37.0 . . 
US3 4/16/2012 87.5 50.9 50.9 . . 
P1 5/17/2012 86.9 69.9 22.6 . . 
P2 5/17/2012 72.3 57.4 33.5 . . 
P3 5/17/2012 79.4 40.3 79.0 . . 
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S1 5/17/2012 88.3 71.4 57.8 . . 
S2 5/17/2012 91.6 55.6 39.7 . . 
S3 5/17/2012 91.6 68.4 28.3 . . 
UP1 5/17/2012 91.3 31.0 18.9 . . 
UP2 5/17/2012 74.0 44.9 25.6 . . 
UP3 5/17/2012 85.6 63.8 56.5 . . 
US1 5/17/2012 93.1 58.1 27.8 . . 
US2 5/17/2012 91.1 53.9 24.9 . . 
US3 5/17/2012 89.3 76.4 18.8 . . 
P1 6/12/2012 82.3 61.3 23.9 . . 
P2 6/12/2012 77.6 57.1 21.6 . . 
P3 6/12/2012 76.0 48.9 19.8 . . 
S1 6/12/2012 84.1 55.6 36.8 . . 
S2 6/12/2012 93.7 74.4 36.1 . . 
S3 6/12/2012 90.5 71.1 10.3 . . 
UP1 6/12/2012 83.8 59.5 8.9 . . 
UP2 6/12/2012 82.0 66.0 16.6 . . 
UP3 6/12/2012 86.1 69.0 32.6 . . 
US1 6/12/2012 84.8 57.7 50.7 . . 
US2 6/12/2012 92.5 68.9 19.6 . . 
US3 6/12/2012 78.9 64.6 16.8 . . 
P1 7/17/2012 78.5 61.9 19.6 1.92 30.31 
P2 7/17/2012 75.1 60.5 22.6 1.82 29.64 
P3 7/17/2012 72.1 48.7 34.9 1.36 22.46 
S1 7/17/2012 80.4 57.8 30.3 1.63 24.24 
S2 7/17/2012 79.3 63.9 32.7 1.88 31.73 
S3 7/17/2012 78.9 61.9 20.9 1.80 31.17 
UP1 7/17/2012 78.2 54.3 46.0 2.00 27.14 
UP2 7/17/2012 73.9 54.9 13.7 2.12 29.87 
UP3 7/17/2012 74.8 60.2 56.1 2.04 31.67 
US1 7/17/2012 79.8 55.0 37.9 2.18 29.54 
US2 7/17/2012 80.0 61.1 40.0 2.07 31.48 
US3 7/17/2012 77.7 54.6 19.3 1.61 23.64 
P1 8/27/2012 69.7 37.6 5.8 . . 
P2 8/27/2012 81.2 66.9 19.9 . . 
P3 8/27/2012 84.8 66.5 52.7 . . 
S1 8/27/2012 83.4 52.1 28.3 . . 
S2 8/27/2012 83.6 55.3 57.2 . . 
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S3 8/27/2012 48.3 14.0 14.2 . . 
UP1 8/27/2012 74.2 43.5 7.6 . . 
UP2 8/27/2012 85.9 70.9 25.3 . . 
UP3 8/27/2012 79.1 50.3 30.6 . . 
US1 8/27/2012 83.4 49.7 39.3 . . 
US2 8/27/2012 84.5 59.1 32.7 . . 
US3 8/27/2012 71.1 35.7 30.4 . . 
P1 9/25/2012 75.1 44.1 10.3 . . 
P2 9/25/2012 76.3 59.0 18.8 . . 
P3 9/25/2012 76.3 59.5 19.2 . . 
S1 9/25/2012 85.5 50.6 40.7 . . 
S2 9/25/2012 81.6 59.1 42.7 . . 
S3 9/25/2012 83.3 71.9 33.7 . . 
UP1 9/25/2012 76.0 45.2 17.7 . . 
UP2 9/25/2012 79.0 66.7 26.5 . . 
UP3 9/25/2012 64.8 41.7 18.2 . . 
US1 9/25/2012 81.5 55.2 46.5 . . 
US2 9/25/2012 81.6 56.5 37.4 . . 
US3 9/25/2012 90.2 68.5 47.2 . . 
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Table F.3 Porewater data for Chapter 2 
ID Date Salinity pH 
NH4
+ NO2
- DIP DSi 
µmol/L 
P1 2/1/2012 6.8 7.8 10.0 0.1 2.5 104.9 
P2 2/1/2012 3.6 7.4 54.4 0.3 10.4 154.9 
P3 2/1/2012 7.0 7.7 92.2 0.8 7.6 184.5 
S1 2/1/2012 6.9 7.3 12.6 0.1 2.3 103.6 
S2 2/1/2012 10.4 . 115.4 1.0 32.2 213.5 
S3 2/1/2012 7.9 . 117.7 1.0 23.7 174.6 
U1 2/1/2012 14.6 . 204.2 0.9 29.7 202.8 
U2 2/1/2012 9.6 . 308.6 2.0 53.5 155.3 
P1 3/16/2012 12.9 . 26.4 0.2 0.3 116.1 
P2 3/16/2012 7.5 . 1.9 0.2 6.4 150.6 
P3 3/16/2012 2.8 . 17.2 0.5 0.5 140.6 
S1 3/16/2012 13.6 . 21.3 0.2 2.7 51.2 
S2 3/16/2012 14.1 . 50.3 0.3 6.6 76.3 
S3 3/16/2012 6.1 . 81.3 0.5 24.5 26.4 
UP1 3/16/2012 8.8 . 8.5 0.2 1.0 108.9 
UP2 3/16/2012 5.8 . 136.6 0.7 28.7 201.9 
UP3 3/16/2012 8.9 . 47.6 0.0 0.0 120.6 
US1 3/16/2012 15.4 . 71.7 0.2 8.3 24.0 
US2 3/16/2012 11.2 . 206.1 1.5 52.5 113.6 
US3 3/16/2012 4.9 . 110.2 0.7 18.5 114.7 
P1 4/16/2012 12.0 . . . . . 
P2 4/16/2012 22.4 . . . . 46.9 
P3 4/16/2012 8.4 . 15.7 0.2 0.4 . 
S1 4/16/2012 19.5 .    80.3 
S2 4/16/2012 20.5 . 52.9 0.2 18.7 75.9 
S3 4/16/2012 20.6 . 224.9 3.2 17.7 . 
UP1 4/16/2012 10.1 . 37.3 0.3 3.7 . 
UP2 4/16/2012 . . . . . . 
UP3 4/16/2012 6.9 . 33.7 0.2 1.7 129.9 
US1 4/16/2012 3.7 . . . . . 
US2 4/16/2012 20.6 . 26.7 0.3 7.5 . 
US3 4/16/2012 19.6 . 75.6 0.4 16.6 . 
P1 5/17/2012 5.0 . 12.7 1.1 0.9 77.8 
P2 5/17/2012 10.0 . 57.5 0.9 0.4 41.4 
P3 5/17/2012 11.0 . 45.4 0.5 21.4 119.3 
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S1 5/17/2012 9.0 . 74.4 0.9 15.3 177.9 
S2 5/17/2012 6.0 . 43.6 1.1 41.9 168.3 
S3 5/17/2012 4.0 . 26.9 0.5 3.2 31.4 
UP1 5/17/2012 4.0 . 149.9 15.0 9.6 96.3 
UP2 5/17/2012 10.0 . 20.8 0.2 0.4 79.8 
UP3 5/17/2012 10.0 . 50.3 1.1 28.5 119.6 
US1 5/17/2012 6.0 . 42.2 0.9 35.2 141.8 
US2 5/17/2012 7.0 . 86.4 1.5 27.7 45.8 
US3 5/17/2012 5.0 . 67.9 0.3 2.6 47.6 
P1 6/12/2012 11.0 . 22.7 0.3 10.0 84.7 
P2 6/12/2012 13.0 . 29.3 0.8 5.9 51.0 
P3 6/12/2012 12.0 . 45.2 0.6 8.0 103.5 
S1 6/12/2012 15.0 . 98.9 3.2 13.8 182.3 
S2 6/12/2012 12.0 . 194.7 1.0 21.6 217.6 
S3 6/12/2012 14.0 . 72.4 1.5 12.5 77.3 
UP1 6/12/2012 11.0 . 32.5 0.7 16.5 119.9 
UP2 6/12/2012 14.0 . 21.9 0.7 2.1 21.5 
UP3 6/12/2012 14.0 . 56.9 0.5 8.3 63.6 
US1 6/12/2012 14.0 . 24.8 1.0 7.7 132.1 
US2 6/12/2012 9.0 . 106.2 1.3 40.6 212.2 
US3 6/12/2012 13.0 . 255.6 3.2 11.0 97.8 
P1 7/17/2012 21.5 . . . . . 
P2 7/17/2012 18.5 . . . . . 
P3 7/17/2012 20.0 . . . . . 
S1 7/17/2012 24.2 5.7 68.2 0.6 6.7 143.5 
S2 7/17/2012 16.1 . . . . . 
S3 7/17/2012 14.6 6.5 194.0 1.9 2.0 136.3 
UP1 7/17/2012 20.0 6.0 42.2 0.4 3.9 172.1 
UP2 7/17/2012 17.0 . . . . . 
UP3 7/17/2012 19.0 . . . . . 
US1 7/17/2012 21.7 6.1 67.4 0.2 2.9 139.2 
US2 7/17/2012 13.8 . . . . . 
US3 7/17/2012 15.5 6.7 169.3 1.2 2.1 119.2 
P1 8/27/2012 21.5 5.4 . . . . 
P2 8/27/2012 12.6 5.2 . . . . 
P3 8/27/2012 16.7 6.1 . . . . 
S1 8/27/2012 26.6 6.2 9.4 0.1 7.1 97.1 
S2 8/27/2012 15.8 6.3 129.8 1.4 32.3 306.9 
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S3 8/27/2012 17.1 6.6 . . . . 
UP1 8/27/2012 14.5 5.9 . . . . 
UP2 8/27/2012 13.5 5.6 . . . . 
UP3 8/27/2012 16.0 6.7 301.9 0.5 5.1 . 
US1 8/27/2012 28.2 6.5 8.5 0.1 3.6 66.6 
US2 8/27/2012 13.5 6.7 170.8 1.1 21.0 319.3 
US3 8/27/2012 16.0 6.7 . . . . 
P1 9/25/2012 29.0 6.4 10.0 0.3 1.2 59.6 
P2 9/25/2012 14.5 5.4 . . . . 
P3 9/25/2012 17.2 4.9 . . . . 
S1 9/25/2012 26.8 5.8 27.4 0.1 1.4 114.4 
S2 9/25/2012 14.5 9.5 38.5 0.4 3.7 . 
S3 9/25/2012 12.8 6.1 45.0 0.2 5.9 206.9 
UP1 9/25/2012 . . . . . . 
UP2 9/25/2012 16.0 5.4 34.0 0.4 1.1 76.0 
UP3 9/25/2012 17.3 5.4 . . . . 
US1 9/25/2012 26.0 5.9 17.9 0.1 0.7 110.7 
US2 9/25/2012 18.7 6.1 20.1 0.8 8.5 334.0 
US3 9/25/2012 12.6 6.1 41.0 0.2 4.8 182.9 
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Table F.4 Biomass data from Chapter 2 
  Aboveground (g m-2)  Belowground (g m-2) 
ID Date Live 
Dead Total 
 
Total Roots Rhizomes 
  Focal Sp All Live  
P1 2/1/2012 0 0 537.6 537.6  12.1 0 0 
P2 2/1/2012 0 0 350.5 350.5  4.9 0 0 
P3 2/1/2012 0 0 387.7 387.7  40.3 0 0 
S1 2/1/2012 0 0 249.6 249.6  12.1 0 0 
S2 2/1/2012 0 0 210.7 210.7  18.4 0 0 
S3 2/1/2012 0 0 122.9 122.9  12.2 0 0 
U1 2/1/2012 0 0 0 0  23.6 0 0 
U2 2/1/2012 0 0 0 0  14.2 0 0 
P1 3/16/2012 0 0 569.8 569.8  84.2 0 0 
P2 3/16/2012 0 0 1021.8 1021.8  82.5 0 0 
P3 3/16/2012 0 0 187.8 187.8  19.0 0 0 
S1 3/16/2012 0 0 238.4 238.4  67.0 57.3 257.8 
S2 3/16/2012 0 0 325.6 325.6  20.3 0 0 
S3 3/16/2012 0 0 390.6 390.6  47.2 0 688.2 
UP1 3/16/2012 0 0 0 0  3.8 0 0 
UP2 3/16/2012 0 0 0 0  6.6 0 0 
UP3 3/16/2012 0 0 0 0  6.5 0 0 
US1 3/16/2012 0 0 0 0  5.4 0 0 
US2 3/16/2012 0 0 0 0  2.2 0 0 
US3 3/16/2012 0 0 0 0  4.5 0 0 
P1 4/16/2012 10.5 10.5 162.3 172.8  48.2 0 0 
P2 4/16/2012 30.2 30.2 76.4 106.6  1.9 0 0 
P3 4/16/2012 25.8 25.8 98.7 124.5  25.8 0 0 
S1 4/16/2012 23.2 23.2 88.5 111.7  97.3 0 0 
S2 4/16/2012 15.9 15.9 646.8 662.7  34.2 0 0 
S3 4/16/2012 35.0 35.0 477.8 512.8  53.7 142.2 1132.0 
UP1 4/16/2012 0 0 0 0  15.0 0 0 
UP2 4/16/2012 0 0 0 0  5.3 0 0 
UP3 4/16/2012 0 0 0 0  46.7 0 5.7 
US1 4/16/2012 0 0 0 0  81.0 0 0 
US2 4/16/2012 0 0 0 0  37.0 0 0 
US3 4/16/2012 0 0 0 0  50.9 0 0 
P1 5/17/2012 634.4 634.4 0 634.4  28.9 35.1 1859.7 
P2 5/17/2012 150.9 150.9 195.4 346.3  38.9 69.4 1564.0 
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P3 5/17/2012 184.3 184.3 243.8 428.1  80.5 65.5 365.0 
S1 5/17/2012 63.7 63.7 4.1 67.8  58.7 34.8 253.8 
S2 5/17/2012 157.9 157.9 9.9 167.7  44.9 110.6 1443.7 
S3 5/17/2012 56.7 56.7 92.0 148.7  29.2 120.3 145.4 
UP1 5/17/2012 0 0 0 0  18.9 20.4 0 
UP2 5/17/2012 0 0 0 0  27.4 116.0 408.2 
UP3 5/17/2012 0 0 0 0  61.5 125.5 1391.4 
US1 5/17/2012 0 0 0 0  28.0 12.9 47.3 
US2 5/17/2012 0 0 0 0  24.9 0 0 
US3 5/17/2012 0 0 0 0  18.8 5.0 5.0 
P1 6/12/2012 822.5 822.5 232.7 1055.2  26.1 71.3 575.5 
P2 6/12/2012 427.5 427.5 539.2 966.7  31.8 285.2 2760.4 
P3 6/12/2012 1187.9 1187.9 620.7 1808.6  27.0 137.5 2037.2 
S1 6/12/2012 207.5 207.5 0 207.5  39.1 127.3 565.3 
S2 6/12/2012 183.3 183.3 0 183.3  40.9 178.3 1247.8 
S3 6/12/2012 182.7 182.7 63.3 246.1  10.4 20.4 15.3 
UP1 6/12/2012 0 0 0 0  9.0 15.3 0 
UP2 6/12/2012 0 0 0 0  18.7 66.2 585.7 
UP3 6/12/2012 0 0 0 0  32.7 40.7 0 
US1 6/12/2012 0 0 0 0  51.2 35.7 86.6 
US2 6/12/2012 0 0 0 0  20.6 71.3 234.3 
US3 6/12/2012 0 0 0 0  20.8 283.2 919.4 
P1 7/17/2012 1845.6 1845.6 86.9 1932.5  22.2 190.8 605.0 
P2 7/17/2012 753.4 753.4 79.6 833.0  28.7 450.3 1395.5 
P3 7/17/2012 1078.1 1078.1 715.2 1793.4  37.0 293.4 326.4 
S1 7/17/2012 398.8 414.4 62.4 476.8  35.1 398.5 1035.6 
S2 7/17/2012 380.1 380.1 0 380.1  35.9 221.6 735.2 
S3 7/17/2012 165.5 177.0 0 177.0  27.6 439.9 1547.9 
UP1 7/17/2012 0 0 0 0  48.7 153.9 672.0 
UP2 7/17/2012 0 0 0 0  18.6 305.6 1157.7 
UP3 7/17/2012 0 0 0 0  61.2 265.3 1258.8 
US1 7/17/2012 0 1.3 0 1.3  40.8 155.2 721.5 
US2 7/17/2012 0 0 0 0  43.9 331.0 830.3 
US3 7/17/2012 0 0 0 0  19.8 74.5 81.2 
P1 8/27/2012 874.4 874.4 120.0 994.4  8.4 163.1 617.7 
P2 8/27/2012 863.6 863.6 0 863.6  27.0 281.9 1845.6 
P3 8/27/2012 716.2 716.2 82.1 798.3  54.8 86.6 520.6 
S1 8/27/2012 538.9 538.9 0 538.9  32.9 374.0 997.3 
 245 
S2 8/27/2012 533.5 540.7 0 540.7  64.7 282.5 1973.4 
S3 8/27/2012 657.9 693.6 0 693.6  17.6 90.6 940.1 
UP1 8/27/2012 0 0 0 0  13.8 134.0 1727.6 
UP2 8/27/2012 0 0 0 0  25.8 67.2 93.6 
UP3 8/27/2012 0 0 0 0  36.0 70.3 1553.8 
US1 8/27/2012 0 0 0 0  39.5 23.9 44.6 
US2 8/27/2012 0.4 0.8 0 0.8  33.5 149.6 88.2 
US3 8/27/2012 5.0 5.0 0 5.0  32.0 140.5 338.9 
P1 9/25/2012 1080.3 1080.3 0 1080.3  15.4 150.0 1379.3 
P2 9/25/2012 1336.9 1336.9 0 1336.9  23.4 103.2 1270.0 
P3 9/25/2012 1537.4 1537.4 0 1537.4  31.2 116.8 3505.6 
S1 9/25/2012 325.3 325.3 0 325.3  46.6 206.7 1540.9 
S2 9/25/2012 730.5 730.5 0 730.5  51.0 281.6 2206.3 
S3 9/25/2012 292.2 292.2 0 292.2  35.0 83.9 302.9 
UP1 9/25/2012 0 0 0 0  22.8 232.3 1286.8 
UP2 9/25/2012 0 0 0 0  27.5 160.8 128.8 
UP3 9/25/2012 0 0 0 0  26.0 1024.0 1293.3 
US1 9/25/2012 0 0 0 0  47.6 54.8 271.9 
US2 9/25/2012 0 0 0 0  38.8 164.0 261.5 
US3 9/25/2012 0 0 0 0  47.6 81.5 16.1 
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Appendix G - Chapter 3 Data 
Sites and Dates: 
 All measurements with 2014 dates: Sandy (West End, Provincetown, MA) 
 All measurements with 2015 dates: Peaty (Rough Meadows, Rowley, MA) 
Treatments: 
ctrl – infrastructure control plot 
amb – ambient 
wet – doubled rainfall 
dry – extreme drought 
ext – intensified seasons 
Subplots: 
C: just east of the plot center 
N: northwest corner 
S: southeast corner 
 
Table G.1 Tidal phase during sampling trips in Chapter 3 
     Sandy Site       Peaty Site 
Date Tide Phase  Date Tide Phase 
5/29/2014 Spring  5/21/2015 Spring 
6/9/2014 Neap  5/28/2015 Neap 
6/19/2014 Spring  6/18/2015 Spring 
7/7/2014 Neap  6/26/2015 Neap 
7/18/2014 Spring  7/7/2015 Spring 
8/5/2014 Neap  7/25/2015 Neap 
8/15/2014 Spring  8/7/2015 Spring 
8/25/2014 mid-tide  8/22/2015 Neap 
9/14/2014 Spring  9/5/2015 Spring 
9/21/2014 Neap  10/3/2015 Spring 
10/1/2014 mid-tide  10/10/2015 Neap 
10/12/2014 Spring  11/7/2015 Neap 
10/19/2014 Neap    
11/11/2014 Spring    
11/18/2014 Neap    
12/7/2014 mid-tide    
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Table G.2 Greenhouse gas flux and mean PAR data for Chapter 3 
*Mean PAR refers to the mean of all measurements made during the flux, and the value 
used for the regression analysis in Appendix A 









 m-2 h-1) 
Mean PAR*  
(µmol  
m-2 s-1) 
5/29/2014 1 ctrl 0 0 0 1924 
5/29/2014 1 amb 0 3.38 0 1924 
5/29/2014 1 wet 0 0 0 1924 
5/29/2014 1 dry 0 0 0 1924 
5/29/2014 1 ext 0 0 0 1924 
5/29/2014 2 ctrl 0 0 0 1447 
5/29/2014 2 amb 0 -0.95 0 1447 
5/29/2014 2 wet 0 0 0 1447 
5/29/2014 2 dry 0 0 0 1447 
5/29/2014 2 ext 0 0.37 0 1447 
5/29/2014 3 ctrl 0 0 0 1814 
5/29/2014 3 amb 0 0 0 1814 
5/29/2014 3 wet 0 0 0 1814 
5/29/2014 3 dry 13.03 1.22 1653.23 1814 
5/29/2014 3 ext 0 0 0 1814 
6/9/2014 1 ctrl 0 -2.50 0 999 
6/9/2014 1 amb 0 0 0 999 
6/9/2014 1 wet 0 3.49 0 999 
6/9/2014 1 dry 0 -1.26 0 999 
6/9/2014 1 ext 0 -0.83 0 999 
6/9/2014 2 ctrl 0 2.17 0 436 
6/9/2014 2 amb 0 4.66 -548.60 436 
6/9/2014 2 wet 0 0 0 436 
6/9/2014 2 dry 0 5.37 0 436 
6/9/2014 2 ext 0 5.95 0 436 
6/9/2014 3 ctrl 0 0 0 619 
6/9/2014 3 amb 0 0 0 619 
6/9/2014 3 wet 0 0 0 619 
6/9/2014 3 dry 0 0 0 619 
6/9/2014 3 ext 0 0 0 619 
6/19/2014 1 ctrl 0 -2.59 0 1508 
6/19/2014 1 amb 0 1.21 0 1508 
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6/19/2014 1 wet 0 -1.11 708.54 1508 
6/19/2014 1 dry 0 0 0 1508 
6/19/2014 1 ext -12.12 -2.79 0 1508 
6/19/2014 2 ctrl -8.75 -1.63 0 1508 
6/19/2014 2 amb 0 -3.70 0 1508 
6/19/2014 2 wet 0 -1.69 0 1508 
6/19/2014 2 dry -12.86 -3.69 0 1508 
6/19/2014 2 ext 0 -2.57 0 1508 
6/19/2014 3 ctrl 0 -2.01 0 1672 
6/19/2014 3 amb 0 -1.64 0 1672 
6/19/2014 3 wet 8.76 -1.49 0 1672 
6/19/2014 3 dry 0 0 0 1672 
6/19/2014 3 ext 0 -1.16 0 1672 
7/7/2014 1 ctrl 0 -9.47 0 1712 
7/7/2014 1 amb 0 -1.85 -568.80 1712 
7/7/2014 1 wet 0 -3.13 0 1712 
7/7/2014 1 dry 0 -1.62 0 1712 
7/7/2014 1 ext 0 -2.41 0 1712 
7/7/2014 2 ctrl 0 22.04 0 1765 
7/7/2014 2 amb 0 -3.14 0 1765 
7/7/2014 2 wet 0 21.77 0 1765 
7/7/2014 2 dry 0 0 0 1765 
7/7/2014 2 ext 0 -2.50 0 1765 
7/7/2014 3 ctrl 0 -1.51 0 1824 
7/7/2014 3 amb -14.22 4.88 0 1824 
7/7/2014 3 wet 0 -4.74 0 1824 
7/7/2014 3 dry -11.80 -5.05 -415.69 1824 
7/7/2014 3 ext 0 11.25 0 1824 
7/18/2014 1 ctrl 0 22.37 1187.89 1985 
7/18/2014 1 amb 0 6.12 0 1985 
7/18/2014 1 wet 0 0 0 1985 
7/18/2014 1 dry 0 5.73 0 1985 
7/18/2014 1 ext 0 4.82 0 1985 
7/18/2014 2 ctrl 0 -2.18 0 1512 
7/18/2014 2 amb 0 -3.85 -377.74 1512 
7/18/2014 2 wet 0 -4.07 0 1512 
7/18/2014 2 dry 0 -3.73 0 1512 
7/18/2014 2 ext 0 -2.85 0 1512 
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7/18/2014 3 ctrl -11.57 -2.74 0 1782 
7/18/2014 3 amb 0 -2.03 -395.19 1782 
7/18/2014 3 wet 0 3.89 0 1782 
7/18/2014 3 dry 0 -4.81 0 1782 
7/18/2014 3 ext 0 -4.00 0 1782 
8/5/2014 1 ctrl 0 -5.74 0 1582 
8/5/2014 1 amb 0 -1.24 0 1582 
8/5/2014 1 wet 0 -0.46 0 1582 
8/5/2014 1 dry 0 -0.76 0 1582 
8/5/2014 1 ext 0 -2.23 0 1582 
8/5/2014 2 ctrl 0 -3.31 0 1786 
8/5/2014 2 amb 0 -4.70 0 1786 
8/5/2014 2 wet 0 -4.27 0 1786 
8/5/2014 2 dry 0 -3.00 0 1786 
8/5/2014 2 ext 0 -2.99 0 1786 
8/5/2014 3 ctrl 0 0 0 1689 
8/5/2014 3 amb -9.69 0 0 1689 
8/5/2014 3 wet 0 -0.85 0 1689 
8/5/2014 3 dry 12.40 -6.28 0 1689 
8/5/2014 3 ext 0 -2.39 0 1689 
8/15/2014 1 ctrl 0 -4.07 0 1493 
8/15/2014 1 amb 0 13.10 354.20 1493 
8/15/2014 1 wet 0 -1.60 0 1493 
8/15/2014 1 dry 0 -1.88 -320.79 1493 
8/15/2014 1 ext 0 -3.56 0 1493 
8/15/2014 2 ctrl 0 -4.60 0 1738 
8/15/2014 2 amb 0 -3.04 0 1738 
8/15/2014 2 wet 0 -4.34 0 1738 
8/15/2014 2 dry 0 -3.16 0 1738 
8/15/2014 2 ext 0 -3.89 0 1738 
8/15/2014 3 ctrl 0 -2.17 0 1520 
8/15/2014 3 amb -5.78 0 0 1520 
8/15/2014 3 wet 0 -1.51 0 1520 
8/15/2014 3 dry 0 0 0 1520 
8/15/2014 3 ext 0 -4.52 0 1520 
9/14/2014 1 ctrl 0 2.11 0 1423 
9/14/2014 1 amb 0 -4.25 0 1423 
9/14/2014 1 wet 0 -2.79 0 1423 
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9/14/2014 1 dry 0 -2.21 0 1423 
9/14/2014 1 ext 0 -2.66 0 1423 
9/14/2014 2 ctrl 0 -3.97 0 1544 
9/14/2014 2 amb 0 -3.01 0 1544 
9/14/2014 2 wet -6.84 -2.84 -775.12 1544 
9/14/2014 2 dry 0 -2.81 0 1544 
9/14/2014 2 ext 0 -3.42 0 1544 
9/14/2014 3 ctrl 0 -3.35 0 1549 
9/14/2014 3 amb 0 -3.45 0 1549 
9/14/2014 3 wet 0 -2.44 0 1549 
9/14/2014 3 dry 0 -0.97 0 1549 
9/14/2014 3 ext 0 -4.17 0 1549 
9/21/2014 1 ctrl 0 -3.69 0 967 
9/21/2014 1 amb 0 -1.61 0 967 
9/21/2014 1 wet 0 -2.41 0 967 
9/21/2014 1 dry 0 -2.23 0 967 
9/21/2014 1 ext 0 -2.59 0 967 
9/21/2014 2 ctrl 0 -0.78 0 761 
9/21/2014 2 amb 0 -1.69 0 761 
9/21/2014 2 wet 0 -2.75 0 761 
9/21/2014 2 dry 0 -1.78 -606.35 761 
9/21/2014 2 ext -6.72 -2.07 0 761 
9/21/2014 3 ctrl 0 0 0 1025 
9/21/2014 3 amb 0 -1.67 0 1025 
9/21/2014 3 wet 0 -1.43 0 1025 
9/21/2014 3 dry 0 -1.49 0 1025 
9/21/2014 3 ext 0 -2.46 0 1025 
10/12/2014 1 ctrl 0 0 -276.17 1292 
10/12/2014 1 amb 0 -1.88 0 1292 
10/12/2014 1 wet 0 -1.62 0 1292 
10/12/2014 1 dry 0 -3.87 0 1292 
10/12/2014 1 ext 0 -2.95 0 1292 
10/12/2014 2 ctrl 0 -4.32 0 1267 
10/12/2014 2 amb 0 -2.76 0 1267 
10/12/2014 2 wet 0 -3.12 0 1267 
10/12/2014 2 dry 0 -3.82 0 1267 
10/12/2014 2 ext 0 -2.95 0 1267 
10/12/2014 3 ctrl 0 -2.42 0 1357 
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10/12/2014 3 amb 0 -2.20 0 1357 
10/12/2014 3 wet -7.91 -5.37 0 1357 
10/12/2014 3 dry 0 -2.06 0 1357 
10/12/2014 3 ext 0 -3.57 0 1357 
10/19/2014 1 ctrl 0 -3.72 0 861 
10/19/2014 1 amb 0 2.64 0 861 
10/19/2014 1 wet 0 -2.38 0 861 
10/19/2014 1 dry 0 0 0 861 
10/19/2014 1 ext 0 -2.21 0 861 
10/19/2014 2 ctrl 0 -1.54 0 510 
10/19/2014 2 amb -5.67 2.14 0 510 
10/19/2014 2 wet 0 -1.77 0 510 
10/19/2014 2 dry 0 0 0 510 
10/19/2014 2 ext 0 -0.75 0 510 
10/19/2014 3 ctrl 0 -1.89 0 690 
10/19/2014 3 amb 7.21 0 0 690 
10/19/2014 3 wet 0 -2.63 0 690 
10/19/2014 3 dry 0 -1.38 0 690 
10/19/2014 3 ext 0 -2.20 0 690 
11/11/2014 1 ctrl 0 -1.64 292.79 790 
11/11/2014 1 amb 0 -1.75 0 790 
11/11/2014 1 wet 0 -1.66 0 790 
11/11/2014 1 dry 0 -2.39 0 790 
11/11/2014 1 ext 0 -1.60 374.18 790 
11/11/2014 2 ctrl 0 -0.49 0 669 
11/11/2014 2 amb 0 -0.52 0 669 
11/11/2014 2 wet 0 -2.06 0 669 
11/11/2014 2 dry 0 -0.41 920.60 669 
11/11/2014 2 ext 0 -0.86 0 669 
11/11/2014 3 ctrl 0 1.59 0 591 
11/11/2014 3 amb 0 -1.02 0 591 
11/11/2014 3 wet 0 -1.42 0 591 
11/11/2014 3 dry 0 2.10 0 591 
11/11/2014 3 ext 0 -1.25 0 591 
11/19/2014 1 ctrl 0 0 0 854 
11/19/2014 1 amb 0 0 0 854 
11/19/2014 1 wet 0 0 0 854 
11/19/2014 1 dry 0 -2.06 0 854 
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11/19/2014 1 ext 0 0 0 854 
11/19/2014 2 ctrl 0 1.34 0 840 
11/19/2014 2 amb 0 1.12 0 840 
11/19/2014 2 wet 0 -0.92 0 840 
11/19/2014 2 dry 0 0.28 649.90 840 
11/19/2014 2 ext 0 0.36 0 840 
11/19/2014 3 ctrl 0 0.96 0 657 
11/19/2014 3 amb 0 -1.74 0 657 
11/19/2014 3 wet 0 0.72 0 657 
11/19/2014 3 dry 0 -1.69 0 657 
11/19/2014 3 ext 0 0 0 657 
5/22/2015 1 ctrl 0 0 0 1924 
5/22/2015 1 amb 0 2.33 0 1924 
5/22/2015 1 wet 0 2.39 0 1924 
5/22/2015 1 dry 0 2.49 0 1924 
5/22/2015 1 ext 0 3.07 0 1924 
5/22/2015 2 ctrl 0 2.23 0 1332 
5/22/2015 2 amb 0 2.72 0 1332 
5/22/2015 2 wet 0 3.95 -217.19 1332 
5/22/2015 2 dry 0 4.35 0 1332 
5/22/2015 2 ext 0 1.38 0 1332 
5/22/2015 3 ctrl 0 2.12 0 1314 
5/22/2015 3 amb 0 4.21 0 1314 
5/22/2015 3 wet 0 3.85 0 1314 
5/22/2015 3 dry 0 3.76 0 1314 
5/22/2015 3 ext 0 1.88 0 1314 
5/28/2015 1 ctrl 0 0 0 1776 
5/28/2015 1 amb 0 4.11 0 1776 
5/28/2015 1 wet 0 2.87 0 1776 
5/28/2015 1 dry 0 0 0 1776 
5/28/2015 1 ext 0 0 0 1776 
5/28/2015 2 ctrl 0 4.61 -1009.15 1950 
5/28/2015 2 amb 0 3.75 0 1950 
5/28/2015 2 wet 0 1.85 0 1950 
5/28/2015 2 dry 0 3.23 0 1950 
5/28/2015 2 ext 14.10 2.39 1863.66 1950 
5/28/2015 3 ctrl 0 1.32 359.50 1936 
5/28/2015 3 amb 0 1.39 0 1936 
 253 
5/28/2015 3 wet 0 3.71 496.12 1936 
5/28/2015 3 dry 0 1.46 0 1936 
5/28/2015 3 ext 0 4.98 0 1936 
6/19/2015 1 ctrl 0 -9.26 0 1857 
6/19/2015 1 amb 0 -7.36 -1035.91 1857 
6/19/2015 1 wet 0 -7.68 0 1857 
6/19/2015 1 dry 0 -2.96 0 1857 
6/19/2015 1 ext 0 -5.26 584.02 1857 
6/19/2015 2 ctrl 0 -5.77 0 1840 
6/19/2015 2 amb 0 -3.04 0 1840 
6/19/2015 2 wet 0 -4.12 0 1840 
6/19/2015 2 dry 0 -2.91 0 1840 
6/19/2015 2 ext 0 0.73 0 1840 
6/19/2015 3 ctrl 0 -4.63 0 1730 
6/19/2015 3 amb 0 -7.65 0 1730 
6/19/2015 3 wet 0 -6.77 0 1730 
6/19/2015 3 dry 0 -3.36 0 1730 
6/19/2015 3 ext 0 -8.40 0 1730 
6/26/2015 1 ctrl 0 -6.15 0 755 
6/26/2015 1 amb 0 -3.53 0 755 
6/26/2015 1 wet 0 -4.50 0 755 
6/26/2015 1 dry 0 -4.35 0 755 
6/26/2015 1 ext 0 -3.55 0 755 
6/26/2015 2 ctrl 0 -5.81 0 1753 
6/26/2015 2 amb 0 -5.57 0 1753 
6/26/2015 2 wet 0 -7.17 0 1753 
6/26/2015 2 dry 0 -6.60 0 1753 
6/26/2015 2 ext 0 0.44 0 1753 
6/26/2015 3 ctrl 0 -1.72 0 1961 
6/26/2015 3 amb 0 -2.03 331.12 1961 
6/26/2015 3 wet 0 -2.93 0 1961 
6/26/2015 3 dry 0 -2.96 0 1961 
6/26/2015 3 ext 0 -3.70 0 1961 
7/8/2015 1 ctrl 0 -6.08 0 1390 
7/8/2015 1 amb 0 -4.61 0 1390 
7/8/2015 1 wet 0 -2.45 302.00 1390 
7/8/2015 1 dry 0 -1.45 0 1390 
7/8/2015 1 ext 0 -1.34 398.58 1390 
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7/8/2015 2 ctrl 0 -10.89 0 1789 
7/8/2015 2 amb 0 -2.51 0 1789 
7/8/2015 2 wet 11.16 -2.13 0 1789 
7/8/2015 2 dry 0 -3.30 0 1789 
7/8/2015 2 ext 0 0.59 0 1789 
7/8/2015 3 ctrl 16.90 -3.78 0 1285 
7/8/2015 3 amb 6.26 0 0 1285 
7/8/2015 3 wet 0 0 0 1285 
7/8/2015 3 dry 0 0 0 1285 
7/8/2015 3 ext 0 0 0 1285 
7/25/2015 1 ctrl 0 -3.39 0 1371 
7/25/2015 1 amb 0 -1.79 0 1371 
7/25/2015 1 wet 0 -4.52 0 1371 
7/25/2015 1 dry 0 1.69 0 1371 
7/25/2015 1 ext 0 -1.64 0 1371 
7/25/2015 2 ctrl 0 -2.40 0 1305 
7/25/2015 2 amb 0 -7.24 0 1305 
7/25/2015 2 wet 0 -3.05 0 1305 
7/25/2015 2 dry 0 -8.03 -274.34 1305 
7/25/2015 2 ext 0 -1.03 0 1305 
7/25/2015 3 ctrl 0 -3.67 -227.10 1650 
7/25/2015 3 amb 0 -6.34 0 1650 
7/25/2015 3 wet 0 -7.24 0 1650 
7/25/2015 3 dry 0 -3.77 0 1650 
7/25/2015 3 ext 0 -5.83 0 1650 
8/7/2015 1 ctrl 0 0 0 1217 
8/7/2015 1 amb 0 0 555.79 1217 
8/7/2015 1 wet 0 0 0 1217 
8/7/2015 1 dry 0 0 0 1217 
8/7/2015 1 ext 0 1.89 0 1217 
8/7/2015 2 ctrl 0 -5.96 0 1523 
8/7/2015 2 amb 0 -3.72 0 1523 
8/7/2015 2 wet 0 -5.11 0 1523 
8/7/2015 2 dry 0 -3.97 -271.71 1523 
8/7/2015 2 ext 0 -1.57 -365.77 1523 
8/7/2015 3 ctrl 0 -4.57 0 1518 
8/7/2015 3 amb 0 -6.72 0 1518 
8/7/2015 3 wet 0 -4.66 0 1518 
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8/7/2015 3 dry 0 -4.19 0 1518 
8/7/2015 3 ext 0 -5.81 -458.80 1518 
8/23/2015 1 ctrl 0 1.30 0 473 
8/23/2015 1 amb 3.30 2.14 0 473 
8/23/2015 1 wet 0 0 0 473 
8/23/2015 1 dry 0 0 0 473 
8/23/2015 1 ext 0 1.78 0 473 
8/23/2015 2 ctrl 0 0 0 367 
8/23/2015 2 amb 0 3.18 0 367 
8/23/2015 2 wet 0 1.02 0 367 
8/23/2015 2 dry 0 1.17 0 367 
8/23/2015 2 ext 0 0.73 343.75 367 
8/23/2015 3 ctrl 0 -1.71 0 364 
8/23/2015 3 amb 0 -0.61 0 364 
8/23/2015 3 wet 0 0 0 364 
8/23/2015 3 dry 0 -0.97 145.93 364 
8/23/2015 3 ext 0 1.49 0 364 
9/5/2015 1 ctrl 0 -1.46 0 1722 
9/5/2015 1 amb 0 -0.87 0 1722 
9/5/2015 1 wet 0 -1.93 0 1722 
9/5/2015 1 dry 0 -2.15 0 1722 
9/5/2015 1 ext 0 -1.04 0 1722 
9/5/2015 2 ctrl 0 -3.99 0 1713 
9/5/2015 2 amb 0 -4.13 0 1713 
9/5/2015 2 wet 0 -3.06 0 1713 
9/5/2015 2 dry 0 -4.74 0 1713 
9/5/2015 2 ext 0 0.78 0 1713 
9/5/2015 3 ctrl 0 -3.67 0 1564 
9/5/2015 3 amb 0 -6.01 0 1564 
9/5/2015 3 wet 0 -1.34 0 1564 
9/5/2015 3 dry 0 -3.04 0 1564 
9/5/2015 3 ext 0 -3.79 0 1564 
10/3/2015 1 ctrl 0 -2.55 0 570 
10/3/2015 1 amb 0 -2.25 0 570 
10/3/2015 1 wet 0 -1.57 0 570 
10/3/2015 1 dry 0 -0.84 0 570 
10/3/2015 1 ext 0 -1.34 0 570 
10/3/2015 2 ctrl 0 -1.08 0 659 
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10/3/2015 2 amb 0 -0.51 0 659 
10/3/2015 2 wet 0 0 0 659 
10/3/2015 2 dry 0 -1.55 0 659 
10/3/2015 2 ext 0 2.46 0 659 
10/3/2015 3 ctrl 0 0 0 553 
10/3/2015 3 amb 0 -1.33 0 553 
10/3/2015 3 wet 0 0 0 553 
10/3/2015 3 dry 0 -0.63 0 553 
10/3/2015 3 ext 0 -1.76 0 553 
10/10/2015 1 ctrl 0 -3.62 0 1458 
10/10/2015 1 amb 0 -1.90 -621.79 1458 
10/10/2015 1 wet 0 -1.27 0 1458 
10/10/2015 1 dry 0 -1.38 0 1458 
10/10/2015 1 ext 0 0 0 1458 
10/10/2015 2 ctrl 0 -2.37 422.92 1464 
10/10/2015 2 amb 0 -2.01 0 1464 
10/10/2015 2 wet 0 -1.43 0 1464 
10/10/2015 2 dry 0 -1.31 0 1464 
10/10/2015 2 ext 0 0.92 0 1464 
10/10/2015 3 ctrl 18.31 -0.69 0 1285 
10/10/2015 3 amb 0 -2.34 0 1285 
10/10/2015 3 wet 0 -1.29 0 1285 
10/10/2015 3 dry 0 -2.50 0 1285 
10/10/2015 3 ext 0 -2.85 0 1285 
11/7/2015 1 ctrl 0 4.06 0 456 
11/7/2015 1 amb 0 1.95 0 456 
11/7/2015 1 wet 0 1.94 0 456 
11/7/2015 1 dry 0 5.34 0 456 
11/7/2015 1 ext 0 1.47 0 456 
11/7/2015 2 ctrl 0 1.23 0 686 
11/7/2015 2 amb 0 2.38 0 686 
11/7/2015 2 wet 0 4.12 0 686 
11/7/2015 2 dry 0 2.08 0 686 
11/7/2015 2 ext 0 1.67 0 686 
11/7/2015 3 ctrl 0 0.97 0 707 
11/7/2015 3 amb 0 2.01 0 707 
11/7/2015 3 wet 0 2.83 0 707 
11/7/2015 3 dry 0 1.94 0 707 
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11/7/2015 3 ext 0 3.77 0 707 
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Table G.3 Photosynthetically active radiation (PAR) data for Chapter 3 
Date Block Time PAR (µmol m-2 s-1) 
5/29/2014 1 11:50 1904 
5/29/2014 1 12:07 1903 
5/29/2014 1 12:21 1964 
5/29/2014 2 15:04 1460 
5/29/2014 2 15:18 1395 
5/29/2014 2 15:41 1487 
5/29/2014 3 13:31 1804 
5/29/2014 3 13:55 1802 
5/29/2014 3 14:19 1835 
6/9/2014 1 11:18 1020 
6/9/2014 1 11:37 1132 
6/9/2014 1 11:54 845 
6/9/2014 2 13:32 569.1 
6/9/2014 2 14:11 291.3 
6/9/2014 2 14:24 446.5 
6/9/2014 3 12:33 750.6 
6/9/2014 3 12:57 640 
6/9/2014 3 13:07 465.5 
6/19/2014 2 14:39 1538 
6/19/2014 2 14:48 1693 
6/19/2014 2 14:56 1603 
6/19/2014 2 15:04 1580 
6/19/2014 2 15:10 1573 
6/19/2014 2 15:14 1604 
6/19/2014 2 15:21 1057 
6/19/2014 2 15:27 1416 
6/19/2014 3 13:26 1812 
6/19/2014 3 13:40 1950 
6/19/2014 3 13:49 1625 
6/19/2014 3 13:53 1441 
6/19/2014 3 13:58 1520 
6/19/2014 3 14:05 1500 
6/19/2014 3 14:10 1881 
6/19/2014 3 14:16 1649 
7/7/2014 1 11:01 1603 
7/7/2014 1 11:15 1682 
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7/7/2014 1 11:19 1682 
7/7/2014 1 11:22 1702 
7/7/2014 1 11:27 1744 
7/7/2014 1 11:32 1802 
7/7/2014 1 11:38 1766 
7/7/2014 2 13:22 1814 
7/7/2014 2 13:31 1829 
7/7/2014 2 13:35 1804 
7/7/2014 2 13:40 1823 
7/7/2014 2 13:46 1818 
7/7/2014 2 13:50 1800 
7/7/2014 2 13:57 1754 
7/7/2014 2 14:08 1782 
7/7/2014 2 14:18 1731 
7/7/2014 2 14:22 1677 
7/7/2014 2 14:27 1741 
7/7/2014 2 14:31 1795 
7/7/2014 2 14:36 1681 
7/7/2014 2 14:39 1664 
7/7/2014 3 12:29 1816 
7/7/2014 3 12:37 1835 
7/7/2014 3 12:41 1842 
7/7/2014 3 12:45 1845 
7/7/2014 3 12:50 1836 
7/7/2014 3 12:55 1773 
7/7/2014 3 13:01 1818 
7/18/2014 1 11:19 1711 
7/18/2014 1 11:45 2049 
7/18/2014 1 12:01 2131 
7/18/2014 1 12:11 2049 
7/18/2014 2 14:48 1520 
7/18/2014 2 14:56 1513 
7/18/2014 2 15:01 1520 
7/18/2014 2 15:09 1510 
7/18/2014 2 15:13 1516 
7/18/2014 2 15:21 1490 
7/18/2014 3 13:00 1860 
7/18/2014 3 13:08 1802 
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7/18/2014 3 13:15 1755 
7/18/2014 3 13:22 1765 
7/18/2014 3 13:37 1760 
7/18/2014 3 13:55 1749 
8/5/2014 1 13:59 1627 
8/5/2014 1 14:04 1624 
8/5/2014 1 14:09 1622 
8/5/2014 1 14:13 1602 
8/5/2014 1 14:18 1605 
8/5/2014 1 14:24 1590 
8/5/2014 1 14:30 1550 
8/5/2014 1 14:36 1513 
8/5/2014 1 14:40 1507 
8/5/2014 2 11:32 1794 
8/5/2014 2 11:37 1728 
8/5/2014 2 11:43 1767 
8/5/2014 2 11:48 1852 
8/5/2014 2 11:52 1776 
8/5/2014 2 12:00 1799 
8/5/2014 2 12:06 1789 
8/5/2014 3 12:40 1784 
8/5/2014 3 12:46 1336 
8/5/2014 3 12:50 1603 
8/5/2014 3 12:55 1790 
8/5/2014 3 13:00 1773 
8/5/2014 3 13:05 1777 
8/5/2014 3 13:10 1727 
8/5/2014 3 13:16 1724 
8/15/2014 1 13:42 1554 
8/15/2014 1 14:20 1867 
8/15/2014 1 14:28 791.9 
8/15/2014 1 14:32 1571 
8/15/2014 1 14:38 1578 
8/15/2014 1 14:47 1415 
8/15/2014 1 14:53 1676 
8/15/2014 2 11:55 1711 
8/15/2014 2 12:02 1759 
8/15/2014 2 12:25 1713 
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8/15/2014 2 12:32 1754 
8/15/2014 2 12:47 1732 
8/15/2014 2 12:54 1760 
8/15/2014 3 13:27 1711 
8/15/2014 3 13:36 1732 
8/15/2014 3 13:40 1155 
8/15/2014 3 13:45 1232 
8/15/2014 3 13:50 1660 
8/15/2014 3 13:55 1628 
9/14/2014 1 10:49 1154 
9/14/2014 1 11:02 824 
9/14/2014 1 11:09 1752 
9/14/2014 1 11:14 1733 
9/14/2014 1 11:18 798 
9/14/2014 1 11:23 1776 
9/14/2014 1 11:28 1731 
9/14/2014 1 11:30 1615 
9/14/2014 2 13:15 1678 
9/14/2014 2 13:21 1772 
9/14/2014 2 13:28 1697 
9/14/2014 2 13:33 1710 
9/14/2014 2 13:38 578 
9/14/2014 2 13:43 1546 
9/14/2014 2 13:48 1669 
9/14/2014 2 13:53 1639 
9/14/2014 2 13:58 1608 
9/14/2014 3 12:05 1681 
9/14/2014 3 12:14 1755 
9/14/2014 3 12:18 1681 
9/14/2014 3 12:23 1753 
9/14/2014 3 12:28 1748 
9/14/2014 3 12:33 1651 
9/14/2014 3 12:39 436 
9/14/2014 3 12:48 1683 
9/21/2014 1 12:33:20 985 
9/21/2014 1 12:55:15 839 
9/21/2014 1 13:05:13 987 
9/21/2014 1 13:16:52 1055 
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9/21/2014 2 11:25:50 635 
9/21/2014 2 11:41:53 761 
9/21/2014 2 11:52:30 785 
9/21/2014 2 12:01:56 862 
9/21/2014 3 10:42:04 1461 
9/21/2014 3 10:51:47 1354 
9/21/2014 3 11:03:19 561 
9/21/2014 3 11:08:23 722 
10/12/2014 1 10:54 1218 
10/12/2014 1 11:07 1260 
10/12/2014 1 11:27 1374 
10/12/2014 1 11:34 1310 
10/12/2014 1 11:42 1281 
10/12/2014 1 11:45 1281 
10/12/2014 1 11:51 1280 
10/12/2014 1 11:57 1303 
10/12/2014 1 12:02 1320 
10/12/2014 2 13:46 1317 
10/12/2014 2 13:57 1288 
10/12/2014 2 14:02 1299 
10/12/2014 2 14:09 1260 
10/12/2014 2 14:13 1239 
10/12/2014 2 14:18 1247 
10/12/2014 2 14:24 1217 
10/12/2014 3 12:01 1350 
10/12/2014 3 12:46 1305 
10/12/2014 3 12:56 1362 
10/12/2014 3 13:06 1377 
10/12/2014 3 13:12 1374 
10/12/2014 3 13:17 1361 
10/12/2014 3 13:22 1359 
10/12/2014 3 13:27 1369 
10/19/2014 1 11:21:38 586 
10/19/2014 1 11:33:21 513 
10/19/2014 1 11:44:17 864 
10/19/2014 1 11:55:12 1297 
10/19/2014 1 11:59:01 712 
10/19/2014 1 12:01:34 1194 
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10/19/2014 2 12:22:23 1481 
10/19/2014 2 12:35:04 557 
10/19/2014 2 12:40:09 432 
10/19/2014 2 12:48:50 371 
10/19/2014 2 12:54 550 
10/19/2014 2 13:04 457 
10/19/2014 2 13:08 386 
10/19/2014 2 13:14 356 
10/19/2014 2 13:19 234 
10/19/2014 2 13:27 278 
10/19/2014 3 13:53 1732 
10/19/2014 3 14:00 703 
10/19/2014 3 14:08 530 
10/19/2014 3 14:15 400 
10/19/2014 3 14:20 617 
10/19/2014 3 14:31 471 
10/19/2014 3 14:38 450 
10/19/2014 3 14:41 617 
11/11/2014 1 12:28 545 
11/11/2014 1 12:34 515 
11/11/2014 1 12:41 846 
11/11/2014 1 12:47 905 
11/11/2014 1 12:52 945 
11/11/2014 1 12:57 1008 
11/11/2014 1 13:02 650 
11/11/2014 1 13:07 909 
11/11/2014 2 13:23 770 
11/11/2014 2 13:31 831 
11/11/2014 2 13:39 660 
11/11/2014 2 13:41 722 
11/11/2014 2 13:46 935 
11/11/2014 2 13:51 414 
11/11/2014 2 13:56 642 
11/11/2014 2 14:01 515 
11/11/2014 2 14:06 529 
11/11/2014 3 14:27 798 
11/11/2014 3 14:34 811 
11/11/2014 3 14:39 666 
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11/11/2014 3 14:44 748 
11/11/2014 3 14:49 668 
11/11/2014 3 14:54 320 
11/11/2014 3 14:59 362 
11/11/2014 3 15:04 351 
11/19/2014 1 11:54 854 
11/19/2014 1 12:00 835 
11/19/2014 1 12:04 852 
11/19/2014 1 12:13 852 
11/19/2014 1 12:19 856 
11/19/2014 1 12:23 860 
11/19/2014 1 12:30 862 
11/19/2014 1 12:33 853 
11/19/2014 1 12:38 864 
11/19/2014 2 12:58 887 
11/19/2014 2 13:09 855 
11/19/2014 2 13:15 844 
11/19/2014 2 13:24 831 
11/19/2014 2 13:29 836 
11/19/2014 2 13:34 832 
11/19/2014 2 13:40 834 
11/19/2014 2 13:49 804 
11/19/2014 3 14:29 727 
11/19/2014 3 14:36 706 
11/19/2014 3 14:40 783 
11/19/2014 3 14:46 660 
11/19/2014 3 14:51 645 
11/19/2014 3 14:56 640 
11/19/2014 3 15:01 609 
11/19/2014 3 15:06 585 
11/19/2014 3 15:12 560 
5/22/2015 1 11:04 1858 
5/22/2015 1 11:19 1907 
5/22/2015 1 11:25 1957 
5/22/2015 1 11:31 1915 
5/22/2015 1 11:36 1957 
5/22/2015 1 11:43 1952 
5/22/2015 2 13:13 714 
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5/22/2015 2 13:22 377.4 
5/22/2015 2 13:30 799.7 
5/22/2015 2 13:35 522.8 
5/22/2015 2 13:41 472 
5/22/2015 2 13:47 2201 
5/22/2015 2 13:52 2082 
5/22/2015 2 13:58 2101 
5/22/2015 2 14:03 2001 
5/22/2015 2 14:07 2053 
5/22/2015 3 12:16 630 
5/22/2015 3 12:27 2172 
5/22/2015 3 12:33 2205 
5/22/2015 3 12:37 2432 
5/22/2015 3 12:42 689 
5/22/2015 3 12:49 840 
5/22/2015 3 12:53 1035 
5/22/2015 3 12:58 511.2 
5/28/2015 1 13:52:16 1911 
5/28/2015 1 14:06:20 1836 
5/28/2015 1 14:11:43 1921 
5/28/2015 1 14:18:18 2015 
5/28/2015 1 14:24:22 1876 
5/28/2015 1 14:29:57 1847 
5/28/2015 1 14:42:29 1838 
5/28/2015 1 14:48:57 1708 
5/28/2015 1 14:54:39 1764 
5/28/2015 1 15:00:13 1372 
5/28/2015 1 15:05:42 1445 
5/28/2015 2 12:52:22 1957 
5/28/2015 2 13:07:00 1984 
5/28/2015 2 13:13:40 1940 
5/28/2015 2 13:20:10 1874 
5/28/2015 2 13:25:06 1979 
5/28/2015 2 13:29:38 1964 
5/28/2015 3 11:33:25 1902 
5/28/2015 3 11:43:09 1897 
5/28/2015 3 11:51:33 1937 
5/28/2015 3 11:58:50 1949 
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5/28/2015 3 12:05:20 1962 
5/28/2015 3 12:11:14 1970 
5/28/2015 3 12:16:19 1936 
6/19/2015 1 10:27 1736 
6/19/2015 1 10:37 1930 
6/19/2015 1 10:40 1944 
6/19/2015 1 10:45 1750 
6/19/2015 1 10:49 1860 
6/19/2015 1 10:54 1854 
6/19/2015 1 11:01 1925 
6/19/2015 2 12:12 1860 
6/19/2015 2 12:37 1899 
6/19/2015 2 12:41 1761 
6/19/2015 3 11:21 1735 
6/19/2015 3 11:30 1630 
6/19/2015 3 11:35 1625 
6/19/2015 3 11:39 1754 
6/19/2015 3 11:45 1905 
6/26/2015 1 10:49:16 509.3 
6/26/2015 1 10:55:25 650.7 
6/26/2015 1 11:01:26 756.2 
6/26/2015 1 11:06:15 769.1 
6/26/2015 1 11:11:12 747.2 
6/26/2015 1 11:16:05 782.1 
6/26/2015 1 11:20:42 788.9 
6/26/2015 1 11:25:35 791.2 
6/26/2015 1 11:30:37 1002 
6/26/2015 2 12:04:40 1231 
6/26/2015 2 12:10:30 1143 
6/26/2015 2 12:14:57 1245 
6/26/2015 2 12:19:26 1431 
6/26/2015 2 12:24:40 1328 
6/26/2015 2 12:29:06 2412 
6/26/2015 2 12:33:59 2182 
6/26/2015 2 12:38:54 2115 
6/26/2015 2 12:44:38 2090 
6/26/2015 2 12:52:19 2017 
6/26/2015 2 12:56:04 2084 
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6/26/2015 3 13:28:32 2042 
6/26/2015 3 13:38:33 1974 
6/26/2015 3 13:43:41 1980 
6/26/2015 3 13:48:35 1971 
6/26/2015 3 13:53:55 1963 
6/26/2015 3 13:58:10 1959 
6/26/2015 3 14:03:56 1944 
6/26/2015 3 14:09:14 1930 
6/26/2015 3 14:14:37 1933 
6/26/2015 3 14:19:28 1916 
7/8/2015 1 10:05 642.5 
7/8/2015 1 10:10 695.8 
7/8/2015 1 10:20 1228 
7/8/2015 1 10:25 1758 
7/8/2015 1 10:31 1732 
7/8/2015 1 10:37 1251 
7/8/2015 1 10:42 1039 
7/8/2015 1 10:48 2021 
7/8/2015 1 10:52 1963 
7/8/2015 1 10:56 1568 
7/8/2015 2 11:07 1842 
7/8/2015 2 11:12 1727 
7/8/2015 2 11:17 1457 
7/8/2015 2 11:23 2037 
7/8/2015 2 11:30 1994 
7/8/2015 2 11:36 1958 
7/8/2015 2 11:41 2169 
7/8/2015 2 11:45 1127 
7/8/2015 3 11:50 1160 
7/8/2015 3 11:55 910.3 
7/8/2015 3 12:00 2099 
7/8/2015 3 12:06 2287 
7/8/2015 3 12:11 610.5 
7/8/2015 3 12:16 2275 
7/8/2015 3 12:21 327.3 
7/8/2015 3 12:33 607.1 
7/25/2015 1 10:55 777.9 
7/25/2015 1 11:07 856 
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7/25/2015 1 11:24 1454 
7/25/2015 1 11:28 2052 
7/25/2015 1 11:32 2180 
7/25/2015 1 11:36 1294 
7/25/2015 1 11:39 1289 
7/25/2015 1 11:45 1069 
7/25/2015 2 12:09 1354 
7/25/2015 2 12:19 876.4 
7/25/2015 2 12:26 1202 
7/25/2015 2 12:31 1387 
7/25/2015 2 12:41 1201 
7/25/2015 2 12:45 1173 
7/25/2015 2 12:50 1050 
7/25/2015 2 12:55 1267 
7/25/2015 2 13:00 2235 
7/25/2015 3 13:15 2507 
7/25/2015 3 13:21 1137 
7/25/2015 3 13:28 1195 
7/25/2015 3 13:32 1205 
7/25/2015 3 13:38 907.3 
7/25/2015 3 13:42 1665 
7/25/2015 3 13:47 2283 
7/25/2015 3 13:52 2303 
8/23/2015 1 9:56 457.2 
8/23/2015 1 10:05 478.2 
8/23/2015 1 10:10 517.6 
8/23/2015 1 10:14 417.6 
8/23/2015 1 10:24 374.2 
8/23/2015 1 10:32 415.2 
8/23/2015 1 10:39 597.2 
8/23/2015 1 10:51 522.4 
8/23/2015 1 10:57 479.4 
9/5/2015 3 10:54 1564 
9/5/2015 2 11:57 1706 
9/5/2015 2 12:10 1701 
9/5/2015 2 12:25 1731 
9/5/2015 1 12:53 1725 
9/5/2015 1 13:14 1720 
 269 
9/5/2015 1 13:18 1722 
10/3/2015 3 10:30 302.8 
10/3/2015 3 10:50 423.5 
10/3/2015 3 11:11 641.2 
10/3/2015 3 11:17 695.5 
10/3/2015 3 11:23 645.9 
10/3/2015 3 11:32 610.6 
10/3/2015 2 11:41 585.8 
10/3/2015 2 12:10 725.2 
10/3/2015 2 12:19 726.6 
10/3/2015 2 12:29 666.7 
10/3/2015 2 12:37 588.5 
10/3/2015 1 13:10 554.8 
10/3/2015 1 13:20 565.2 
10/3/2015 1 13:41 585.5 
10/3/2015 1 14:02 581.1 
10/3/2015 1 14:11 562.4 
10/10/2015 3 10:17 1205 
10/10/2015 3 10:22 1174 
10/10/2015 3 10:27 1209 
10/10/2015 3 10:32 1279 
10/10/2015 3 10:44 1270 
10/10/2015 3 10:58 1316 
10/10/2015 3 11:03 1329 
10/10/2015 3 11:08 1343 
10/10/2015 3 11:13 1358 
10/10/2015 3 11:18 1365 
10/10/2015 2 12:01 1485 
10/10/2015 2 12:05 1475 
10/10/2015 2 12:10 1432 
10/10/2015 2 12:16 1472 
10/10/2015 2 12:22 1462 
10/10/2015 2 12:27 1459 
10/10/2015 2 12:32 1486 
10/10/2015 2 12:36 1439 
10/10/2015 1 13:01 1491 
10/10/2015 1 13:09 1525 
10/10/2015 1 13:13 1456 
 270 
10/10/2015 1 13:17 1458 
10/10/2015 1 13:22 1429 
10/10/2015 1 13:27 1462 
10/10/2015 1 13:32 1451 
10/10/2015 1 13:37 1414 
10/10/2015 1 13:42 1456 
10/10/2015 1 13:47 1442 
11/7/2015 3 9:30 1170 
11/7/2015 3 9:41 749.9 
11/7/2015 3 9:45 614 
11/7/2015 3 9:50 458 
11/7/2015 3 9:58 545.4 
11/7/2015 2 11:01 667.5 
11/7/2015 2 11:11 772 
11/7/2015 2 11:17 776.4 
11/7/2015 2 11:21 811.3 
11/7/2015 2 11:28 652.1 
11/7/2015 2 11:32 576.5 
11/7/2015 2 11:36 549.3 
11/7/2015 1 12:40 550.2 
11/7/2015 1 12:49 432 
11/7/2015 1 12:55 411.1 
11/7/2015 1 13:03 432.2 
11/7/2015 1 13:09 433.2 
11/7/2015 1 13:15 478.9 
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Table G.4 Soil respiration data for Chapter 3 

































5/29/2014 13:20:57 1 ctrl C BU 5.09 390 14.74 23.03 
5/29/2014 13:11:51 1 amb C BU 6.65 390 15.51 22.56 
5/29/2014 13:03:48 1 wet C BU 3.87 390 16.34 22.60 
5/29/2014 13:08:37 1 dry C BU 3.82 390 15.40 22.61 
5/29/2014 12:59:41 1 ext C BU 3.19 390 14.69 23.09 
5/29/2014 15:40:56 2 ctrl C BU 2.23 390 12.56 20.64 
5/29/2014 15:28:22 2 amb C BU 2.57 390 13.62 20.88 
5/29/2014 15:48:30 2 wet C BU 2.55 390 12.78 21.16 
5/29/2014 15:55:14 2 dry C BU 2.25 390 14.86 21.10 
5/29/2014 15:34:42 2 ext C BU 0.99 390 13.83 20.38 
5/29/2014 14:24:20 3 ctrl C BU 4.80 390 15.81 22.22 
5/29/2014 14:39:39 3 amb C BU 3.13 390 14.27 21.41 
5/29/2014 14:27:39 3 wet C BU 5.26 390 15.87 22.12 
5/29/2014 14:54:29 3 dry C BU 6.74 390 13.93 20.17 
5/29/2014 14:44:25 3 ext C BU 2.29 390 13.54 21.07 
6/9/2014 10:52:11 1 ctrl C UMB 5.97 385 19.20 27.59 
6/9/2014 10:56:53 1 ctrl N UMB 4.94 385 18.94 27.38 
6/9/2014 10:48:10 1 ctrl S UMB 5.34 385 19.39 27.32 
6/9/2014 11:44:32 1 amb C UMB 4.25 385 18.89 27.36 
6/9/2014 11:49:12 1 amb N UMB 3.16 385 19.01 27.41 
6/9/2014 11:40:22 1 amb S UMB 3.70 385 18.80 27.26 
6/9/2014 11:22:36 1 wet C UMB 3.73 385 19.78 27.31 
6/9/2014 .  1 wet N . . . . . 
6/9/2014 11:18:17 1 wet S UMB 3.20 385 20.16 27.15 
6/9/2014 11:31:39 1 dry C UMB 3.59 385 18.98 27.28 
6/9/2014 11:35:50 1 dry N UMB 4.17 385 19.05 27.50 
6/9/2014 11:27:21 1 dry S UMB 3.79 385 18.76 26.95 
6/9/2014 11:08:21 1 ext C UMB 2.94 385 19.24 27.24 
6/9/2014 11:13:18 1 ext N UMB 4.36 385 19.10 27.09 
6/9/2014 11:02:32 1 ext S UMB 2.78 385 19.94 27.20 
6/9/2014 15:03:49 2 ctrl C UMB 4.42 375 16.93 23.34 
6/9/2014 15:06:51 2 ctrl N UMB 5.37 375 16.36 23.26 
6/9/2014 15:00:48 2 ctrl S UMB 4.44 375 17.38 23.36 
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6/9/2014 14:33:05 2 amb C UMB 6.28 375 16.97 24.12 
6/9/2014 14:36:43 2 amb N UMB 4.36 375 16.82 24.00 
6/9/2014 14:30:27 2 amb S UMB 6.57 375 17.28 24.03 
6/9/2014 14:53:18 2 wet C UMB 3.92 375 17.36 23.31 
6/9/2014 14:57:24 2 wet N UMB 5.07 375 18.00 23.41 
6/9/2014 14:49:54 2 wet S UMB 5.58 375 16.74 23.34 
6/9/2014 14:42:26 2 dry C UMB 5.84 375 18.26 23.86 
6/9/2014 14:46:28 2 dry N UMB 3.62 375 17.18 23.53 
6/9/2014 14:39:43 2 dry S UMB 8.14 375 18.81 23.81 
6/9/2014 14:22:53 2 ext C UMB 4.96 375 16.31 24.26 
6/9/2014 14:26:05 2 ext N UMB 5.62 375 16.21 24.31 
6/9/2014 14:19:59 2 ext S UMB 4.83 375 16.37 23.85 
6/9/2014 13:57:35 3 ctrl C UMB 4.25 385 19.92 24.57 
6/9/2014 14:02:16 3 ctrl N UMB 4.61 385 19.82 25.25 
6/9/2014 12:59:30 3 ctrl S UMB 2.55 385 19.99 25.06 
6/9/2014 12:22:09 3 amb C UMB 4.95 385 18.58 24.70 
6/9/2014 12:26:32 3 amb N UMB 3.76 385 18.67 24.77 
6/9/2014 12:18:25 3 amb S UMB 3.84 385 17.89 24.60 
6/9/2014 12:49:51 3 wet C UMB 5.13 385 19.63 25.29 
6/9/2014 12:53:44 3 wet N UMB 4.77 385 18.93 25.00 
6/9/2014 12:46:00 3 wet S UMB 2.92 385 21.11 25.33 
6/9/2014 12:34:58 3 dry C UMB 3.66 385 18.97 25.25 
6/9/2014 12:39:23 3 dry N UMB 3.39 385 19.77 25.31 
6/9/2014 12:30:41 3 dry S UMB 4.07 385 18.67 24.83 
6/9/2014 12:08:23 3 ext C UMB 2.91 385 17.49 24.88 
6/9/2014 12:13:31 3 ext N UMB 3.30 385 17.95 24.82 
6/9/2014 12:00:47 3 ext S UMB 5.22 385 16.79 24.88 
6/19/2014 10:40:47 1 ctrl C UMB 2.92 387 19.62 26.59 
6/19/2014 10:46:20 1 ctrl N UMB 3.55 387 19.24 27.26 
6/19/2014 10:33:49 1 ctrl S UMB 3.30 387 19.40 26.46 
6/19/2014 12:00:08 1 amb C UMB 4.37 387 19.71 29.14 
6/19/2014 12:09:41 1 amb N UMB 3.68 387 19.59 29.50 
6/19/2014 11:53:39 1 amb S UMB 3.31 387 19.72 29.04 
6/19/2014 11:20:09 1 wet C UMB 4.51 387 19.57 28.28 
6/19/2014 11:25:26 1 wet N UMB 3.85 387 20.10 28.78 
6/19/2014 11:14:04 1 wet S UMB 2.93 387 20.28 28.63 
6/19/2014 11:37:18 1 dry C UMB 3.50 387 19.66 28.61 
6/19/2014 11:45:44 1 dry N UMB 3.84 387 18.90 28.63 
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6/19/2014 11:32:00 1 dry S UMB 3.43 387 19.30 28.41 
6/19/2014 10:59:36 1 ext C UMB 2.74 387 19.48 28.07 
6/19/2014 11:06:21 1 ext N UMB 4.61 387 19.45 28.66 
6/19/2014 10:53:07 1 ext S UMB 2.77 387 19.94 27.92 
6/20/2014 11:58:21 2 ctrl C UMB 1.36 380 17.37 30.04 
6/20/2014 12:04:44 2 ctrl N UMB 1.24 380 16.91 28.99 
6/20/2014 11:53:08 2 ctrl S UMB 1.56 380 16.91 30.02 
6/20/2014 13:17:13 2 amb C UMB 0.61 380 28.63 28.34 
6/20/2014 13:29:24 2 amb N UMB 0.61 380 17.50 28.25 
6/20/2014 13:07:01 2 amb S UMB 0.93 380 17.58 28.11 
6/20/2014 12:19:31 2 wet C UMB 1.31 380 18.20 28.06 
6/20/2014 12:26:41 2 wet N UMB 1.10 380 18.15 27.51 
6/20/2014 12:13:18 2 wet S UMB 1.62 380 17.40 27.56 
6/20/2014 12:41:11 2 dry C UMB 0.85 380 18.85 28.70 
6/20/2014 12:56:32 2 dry N UMB 0.39 380 17.94 28.13 
6/20/2014 12:33:53 2 dry S UMB 1.38 380 19.22 28.03 
6/20/2014 13:50:27 2 ext C UMB 0.60 380 17.62 27.73 
6/20/2014 14:00:28 2 ext N UMB 1.23 380 17.57 27.48 
6/20/2014 13:39:32 2 ext S UMB 1.02 380 17.77 28.19 
6/19/2014 12:29:17 3 ctrl C UMB 3.10 387 20.73 29.68 
6/19/2014 12:36:09 3 ctrl N UMB 3.81 387 21.20 30.57 
6/19/2014 12:23:15 3 ctrl S UMB 2.54 387 21.86 29.01 
6/20/2014 14:42:31 3 amb C UMB 2.58 380 20.20 27.46 
6/20/2014 14:48:19 3 amb N UMB 1.90 380 19.50 27.46 
6/20/2014 14:37:38 3 amb S UMB 2.38 380 18.42 27.36 
6/19/2014 12:47:08 3 wet C UMB 2.72 387 19.84 29.19 
6/19/2014 12:53:39 3 wet N UMB 4.11 387 19.68 28.53 
6/19/2014 12:42:35 3 wet S UMB 2.98 387 20.09 29.23 
6/19/2014 13:08:25 3 dry C UMB 1.93 387 20.47 28.23 
6/19/2014 13:13:23 3 dry N UMB 2.78 387 21.36 28.74 
6/19/2014 13:02:16 3 dry S UMB 2.38 387 20.22 28.12 
6/20/2014 14:24:38 3 ext C UMB 1.31 380 19.52 26.71 
6/20/2014 14:31:12 3 ext N UMB 2.30 380 20.58 28.14 
6/20/2014 14:17:47 3 ext S UMB 2.51 380 18.24 25.91 
7/7/2014 10:28:58 1 ctrl C UMB 4.89 365 19.83 29.56 
7/7/2014 10:25:38 1 ctrl N UMB 4.84 365 20.08 28.97 
7/7/2014 10:32:58 1 ctrl S UMB 4.26 365 19.64 29.66 
7/7/2014 11:11:23 1 amb C UMB 6.11 365 20.78 28.72 
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7/7/2014 11:08:21 1 amb N UMB 3.42 365 20.36 28.42 
7/7/2014 11:14:31 1 amb S UMB 3.88 365 20.34 29.40 
7/7/2014 10:51:52 1 wet C UMB 4.14 365 20.71 29.05 
7/7/2014 10:48:51 1 wet N UMB 3.00 365 20.18 28.70 
7/7/2014 10:55:17 1 wet S UMB 3.70 365 20.44 29.12 
7/7/2014 11:01:59 1 dry C UMB 3.74 365 20.62 28.94 
7/7/2014 10:58:51 1 dry N UMB 3.53 365 20.12 28.33 
7/7/2014 11:05:04 1 dry S UMB 4.62 365 20.37 28.85 
7/7/2014 10:40:37 1 ext C UMB 3.69 365 20.28 29.31 
7/7/2014 10:37:04 1 ext N UMB 3.10 365 20.31 29.47 
7/7/2014 10:44:36 1 ext S UMB 5.63 365 20.04 29.49 
7/7/2014 13:54:00 2 ctrl C UMB 5.84 365 . 29.53 
7/7/2014 13:50:44 2 ctrl N UMB 4.68 365 . 29.05 
7/7/2014 13:57:25 2 ctrl S UMB 6.36 365 . 29.97 
7/7/2014 14:34:29 2 amb C UMB 4.67 365 . 28.27 
7/7/2014 14:31:33 2 amb N UMB 4.64 365 . 28.23 
7/7/2014 14:37:31 2 amb S UMB 4.83 365 . 28.35 
7/7/2014 14:03:47 2 wet C UMB 4.24 365 . 29.02 
7/7/2014 14:00:38 2 wet N UMB 4.76 365 . 29.18 
7/7/2014 14:07:04 2 wet S UMB 4.39 365 . 29.08 
7/7/2014 14:23:31 2 dry C UMB 4.69 365 . 29.59 
7/7/2014 14:10:18 2 dry N UMB 7.94 365 . 28.47 
7/7/2014 14:27:41 2 dry S UMB 2.14 365 . 29.28 
7/7/2014 15:28:07 2 ext C UMB 4.75 365 . 26.86 
7/7/2014 15:31:14 2 ext N UMB 3.78 365 . 26.89 
7/7/2014 15:34:08 2 ext S UMB 3.96 365 . 27.16 
7/7/2014 12:23:12 3 ctrl C UMB 4.45 365 21.45 29.36 
7/7/2014 11:40:37 3 ctrl N UMB 2.56 365 21.21 29.46 
7/7/2014 12:26:21 3 ctrl S UMB 5.20 365 20.79 30.35 
7/7/2014 13:05:34 3 amb C UMB 6.83 365 . 28.42 
7/7/2014 13:01:44 3 amb N UMB 6.29 365 . 27.61 
7/7/2014 13:10:14 3 amb S UMB 3.94 365 . 28.53 
7/7/2014 12:41:50 3 wet C UMB 6.39 365 . 29.20 
7/7/2014 12:29:34 3 wet N UMB 5.16 365 21.86 29.52 
7/7/2014 12:38:33 3 wet S UMB 7.58 365 . 29.02 
7/7/2014 12:51:27 3 dry C UMB 6.38 365 19.23 28.75 
7/7/2014 12:46:35 3 dry N UMB 9.84 365 . 28.47 
7/7/2014 12:56:58 3 dry S UMB 10.68 365 . 28.58 
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7/7/2014 13:20:16 3 ext C UMB 3.71 365 . 28.12 
7/7/2014 13:15:15 3 ext N UMB 3.68 365 . 27.61 
7/7/2014 13:24:34 3 ext S UMB 5.39 365 . 28.30 
7/18/2014 15:50:36 1 ctrl C UMB 8.19 370 . 32.50 
7/18/2014 15:54:29 1 ctrl N UMB 4.43 370 . 31.95 
7/18/2014 15:46:52 1 ctrl S UMB 5.27 366.67 . 33.09 
7/18/2014 16:37:51 1 amb C UMB 18.11 370 . 30.37 
7/18/2014 16:44:37 1 amb N UMB 0.42 360 . 31.52 
7/18/2014 16:33:56 1 amb S UMB 6.86 370 . 30.21 
7/18/2014 16:16:46 1 wet C UMB 4.78 370 . 31.34 
7/18/2014 16:20:16 1 wet N UMB 4.59 370 . 31.54 
7/18/2014 16:13:43 1 wet S UMB 4.96 370 . 31.67 
7/18/2014 16:27:34 1 dry C UMB 4.58 370 . 30.86 
7/18/2014 16:30:37 1 dry N UMB 4.61 370 . 31.01 
7/18/2014 16:24:17 1 dry S UMB 5.74 370 . 31.29 
7/18/2014 16:03:07 1 ext C UMB 3.83 370 . 31.57 
7/18/2014 16:07:36 1 ext N UMB 5.00 370 . 32.36 
7/18/2014 15:59:12 1 ext S UMB 4.05 370 . 31.25 
7/18/2014 12:49:42 2 ctrl C UMB 1.98 370 . 32.94 
7/18/2014   2 ctrl N UMB . . . . 
7/18/2014 12:43:28 2 ctrl S UMB 2.35 370 . 32.30 
7/18/2014 14:32:07 2 amb C UMB 2.06 370 . 31.84 
7/18/2014 14:44:24 2 amb N UMB 1.01 370 . 31.51 
7/18/2014 14:24:56 2 amb S UMB 1.06 370 . 33.21 
7/18/2014 13:07:36 2 wet C UMB 1.34 370 . 32.60 
7/18/2014 13:16:40 2 wet N UMB 1.71 370 . 33.10 
7/18/2014 12:59:27 2 wet S UMB 2.32 370 . 32.33 
7/18/2014 13:42:03 2 dry C UMB 0.92 370 . 32.65 
7/18/2014 13:58:40 2 dry N UMB 0.65 370 . 33.16 
7/18/2014 13:27:59 2 dry S UMB 1.11 370 . 32.81 
7/18/2014 15:22:32 2 ext C UMB 0.56 370 . 31.83 
7/18/2014 15:32:49 2 ext N UMB 1.08 370 . 32.58 
7/18/2014 15:05:49 2 ext S UMB 0.65 370 . 30.92 
7/18/2014 10:57:18 3 ctrl C UMB 4.57 370 22.39 32.78 
7/18/2014 11:02:37 3 ctrl N UMB 3.65 370 22.28 33.25 
7/18/2014 10:52:50 3 ctrl S UMB 3.39 370 23.11 32.90 
7/18/2014 11:50:39 3 amb C UMB 5.70 370 21.40 31.07 
7/18/2014 11:56:57 3 amb N UMB 2.85 370 20.81 31.59 
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7/18/2014 11:45:46 3 amb S UMB 3.76 370 21.31 31.11 
7/18/2014 11:13:08 3 wet C UMB 4.63 370 21.98 32.52 
7/18/2014 11:07:55 3 wet N UMB 3.34 370 22.05 32.70 
7/18/2014 11:20:15 3 wet S UMB 2.67 370 22.10 33.26 
7/18/2014 11:32:21 3 dry C UMB 3.70 370 22.11 32.39 
7/18/2014 11:38:28 3 dry N UMB 3.09 370 . 32.44 
7/18/2014 11:26:46 3 dry S UMB 11.94 370 21.36 32.47 
7/18/2014 12:28:06 3 ext C UMB 3.43 370 21.83 32.22 
7/18/2014 12:33:45 3 ext N UMB 5.03 370 22.20 31.96 
7/18/2014 12:03:52 3 ext S UMB 3.24 370 20.60 31.18 
8/5/2014 14:25:01 1 ctrl C BU 10.51 390 23.66 37.40 
8/5/2014 14:28:59 1 ctrl N BU 6.86 390 23.78 37.17 
8/5/2014 14:22:15 1 ctrl S BU 9.23 390 24.52 37.03 
8/5/2014 13:35:23 1 amb C BU 10.55 390 23.37 35.68 
8/5/2014 13:38:49 1 amb N BU 6.32 390 23.18 35.42 
8/5/2014 13:31:59 1 amb S BU 7.30 390 23.34 35.12 
8/5/2014 14:00:52 1 wet C BU 6.76 390 24.18 35.63 
8/5/2014 14:07:13 1 wet N BU 4.58 390 23.74 36.49 
8/5/2014 13:54:53 1 wet S BU 4.07 390 23.49 35.66 
8/5/2014 13:46:06 1 dry C BU 5.39 390 24.13 35.16 
8/5/2014 13:50:47 1 dry N BU 5.38 390 24.41 35.68 
8/5/2014 13:42:29 1 dry S BU 6.42 390 23.19 34.81 
8/5/2014 14:15:26 1 ext C BU 4.75 390 23.63 36.56 
8/5/2014 14:19:07 1 ext N BU 5.67 390 24.55 36.33 
8/5/2014 14:11:30 1 ext S BU 5.43 390 23.42 36.40 
8/5/2014 13:17:57 2 ctrl C BU 5.94 390 21.74 34.79 
8/5/2014 13:21:17 2 ctrl N BU 7.72 390 21.24 34.97 
8/5/2014 13:12:46 2 ctrl S BU 6.50 390 21.98 34.23 
8/5/2014 12:40:02 2 amb C BU 5.49 390 21.33 34.09 
8/5/2014 12:44:38 2 amb N BU 3.87 390 20.91 33.62 
8/5/2014 12:36:39 2 amb S BU 5.51 390 21.26 34.34 
8/5/2014 13:05:12 2 wet C BU 5.68 390 21.82 33.45 
8/5/2014 13:09:04 2 wet N BU 5.60 390 22.37 33.99 
8/5/2014 13:01:59 2 wet S BU 5.88 390 21.19 33.15 
8/5/2014 12:52:44 2 dry C BU 5.52 390 21.58 33.53 
8/5/2014 12:57:57 2 dry N BU 3.68 390 21.38 33.55 
8/5/2014 12:48:57 2 dry S BU 10.47 390 22.53 33.05 
8/5/2014 12:28:02 2 ext C BU 4.85 390 21.30 34.82 
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8/5/2014 12:32:01 2 ext N BU 5.05 390 20.89 35.04 
8/5/2014 12:23:52 2 ext S BU 6.22 390 21.52 34.08 
8/5/2014   3 ctrl C BU . . . . 
8/5/2014   3 ctrl N BU . . . . 
8/5/2014 12:10:29 3 ctrl S BU 5.11 390 23.60 33.85 
8/5/2014 11:43:40 3 amb C BU 6.23 390 22.19 31.71 
8/5/2014 11:46:44 3 amb N BU 6.23 390 22.32 31.85 
8/5/2014 11:40:55 3 amb S BU 5.81 390 22.44 31.24 
8/5/2014 12:04:04 3 wet C BU 5.74 390 22.97 33.14 
8/5/2014 12:07:20 3 wet N BU 6.57 390 22.22 33.23 
8/5/2014 12:00:37 3 wet S BU 3.95 390 24.18 32.54 
8/5/2014 11:52:57 3 dry C BU 6.44 390 23.12 32.04 
8/5/2014 11:56:31 3 dry N BU 4.64 390 23.86 32.71 
8/5/2014 11:50:01 3 dry S BU 6.64 390 22.43 32.08 
8/5/2014 11:33:30 3 ext C BU 5.02 390 22.03 31.11 
8/5/2014 11:37:10 3 ext N BU 5.48 390 22.55 31.64 
8/5/2014 11:30:15 3 ext S BU 8.76 390 21.17 30.93 
8/15/2014 10:55:17 1 ctrl C BU 7.70 385 20.28 28.49 
8/15/2014 11:00:12 1 ctrl N BU 5.29 385 20.24 28.96 
8/15/2014 10:51:13 1 ctrl S BU 3.99 385 21.26 28.19 
8/15/2014 11:29:56 1 amb C BU 6.63 385 21.16 28.49 
8/15/2014 11:26:04 1 amb N BU 4.51 385 20.78 28.51 
8/15/2014 11:35:01 1 amb S BU 3.34 385 21.09 28.13 
8/15/2014 11:16:05 1 wet C BU 4.28 385 21.60 29.29 
8/15/2014 11:11:23 1 wet N BU 4.64 385 21.36 29.12 
8/15/2014 11:21:00 1 wet S BU 3.45 385 21.77 29.08 
8/15/2014 11:17:48 1 dry C UMB 3.41 385 21.59 27.39 
8/15/2014 11:12:28 1 dry N UMB 4.11 385 20.56 26.98 
8/15/2014 11:22:08 1 dry S UMB 3.44 385 21.23 27.25 
8/15/2014 11:07:27 1 ext C UMB 2.95 385 20.61 26.63 
8/15/2014 11:05:34 1 ext N BU 4.60 385 20.76 29.55 
8/15/2014 11:00:14 1 ext S UMB 3.96 385 20.67 27.59 
8/15/2014 15:38:35 2 ctrl C BU 0.92 385 20.81 32.45 
8/15/2014 15:43:27 2 ctrl N UMB 0.21 385 19.97 30.11 
8/15/2014 15:24:29 2 ctrl S BU 1.10 385 20.92 31.09 
8/15/2014 14:28:49 2 amb C BU 0.81 385 21.18 30.63 
8/15/2014 14:39:30 2 amb N BU 0.85 385 20.05 30.84 
8/15/2014 14:13:05 2 amb S BU 0.76 385 20.72 28.82 
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8/15/2014 15:07:07 2 wet C UMB 1.47 385 21.10 28.61 
8/15/2014 15:19:36 2 wet N UMB 1.43 385 21.33 29.91 
8/15/2014 14:55:57 2 wet S UMB 0.94 385 20.47 29.30 
8/15/2014 14:50:28 2 dry C BU 0.88 385 21.23 31.41 
8/15/2014 15:09:31 2 dry N BU 0.61 385 20.01 30.58 
8/15/2014 14:37:19 2 dry S UMB 1.13 385 21.40 30.44 
8/15/2014 14:26:19 2 ext C UMB 0.60 385 20.57 31.31 
8/15/2014 14:01:37 2 ext N BU 0.80 385 19.58 28.73 
8/15/2014 13:52:11 2 ext S UMB 0.89 385 19.97 28.23 
8/15/2014 13:05:03 3 ctrl C BU 6.55 385 22.49 29.69 
8/15/2014 13:09:33 3 ctrl N BU 6.21 385 22.18 30.53 
8/15/2014 13:01:04 3 ctrl S BU 4.50 385 23.02 29.25 
8/15/2014 12:01:30 3 amb C BU 0.95 385 21.63 26.90 
8/15/2014 12:25:05 3 amb N BU 0.80 385 21.95 27.84 
8/15/2014 11:50:15 3 amb S BU 1.40 385 21.41 26.50 
8/15/2014 12:51:44 3 wet C BU 3.04 385 21.92 28.21 
8/15/2014 12:56:02 3 wet N BU 7.50 385 21.85 28.76 
8/15/2014 12:46:58 3 wet S BU 2.80 385 21.93 28.29 
8/15/2014 12:36:59 3 dry C BU 1.50 385 21.64 27.84 
8/15/2014 12:42:07 3 dry N BU 5.89 385 22.37 28.40 
8/15/2014 12:31:02 3 dry S BU 4.51 385 21.95 27.87 
8/15/2014 12:05:14 3 ext C UMB 1.18 385 20.24 26.80 
8/15/2014 13:26:07 3 ext N BU 0.80 385 21.01 30.79 
8/15/2014 11:49:31 3 ext S UMB 0.37 385 20.34 26.90 
9/14/2014 14:03:00 1 ctrl C UMB 6.48 390 20.63 24.51 
9/14/2014 14:07:07 1 ctrl N UMB 3.16 390 19.72 24.59 
9/14/2014 14:00:05 1 ctrl S UMB 4.05 390 20.64 24.10 
9/14/2014 13:38:33 1 amb C UMB 5.42 390 20.26 23.50 
9/14/2014 13:43:15 1 amb N UMB 2.85 390 19.72 23.75 
9/14/2014 13:34:42 1 amb S UMB 3.89 390 19.67 24.53 
9/14/2014 13:51:38 1 wet C UMB 3.21 390 20.25 23.68 
9/14/2014 13:56:00 1 wet N UMB 3.32 390 19.82 23.32 
9/14/2014 13:47:39 1 wet S UMB 3.05 390 19.17 23.15 
9/14/2014 14:15:58 1 dry C BU 2.95 390 20.96 21.79 
9/14/2014 14:19:22 1 dry N BU 4.48 390 20.25 22.36 
9/14/2014 14:12:19 1 dry S BU 3.22 390 20.03 21.53 
9/14/2014 14:27:21 1 ext C BU 2.35 390 20.01 22.52 
9/14/2014 14:31:14 1 ext N BU 4.16 390 20.07 23.06 
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9/14/2014 14:23:27 1 ext S BU 3.19 390 19.05 22.35 
9/14/2014 11:26:54 2 ctrl C BU 0.62 390 18.73 20.97 
9/14/2014 11:35:26 2 ctrl N BU 0.79 390 18.93 21.01 
9/14/2014 11:17:36 2 ctrl S BU 0.92 390 19.43 19.72 
9/14/2014 11:46:26 2 amb C UMB 0.98 390 19.49 19.33 
9/14/2014 11:57:32 2 amb N UMB 0.57 390 18.67 19.28 
9/14/2014 11:38:06 2 amb S UMB 0.75 390 19.18 18.73 
9/14/2014 11:53:09 2 wet C BU 0.77 390 19.93 19.22 
9/14/2014 12:03:09 2 wet N BU 0.74 390 18.06 20.23 
9/14/2014 11:43:38 2 wet S BU 1.12 390 19.50 19.71 
9/14/2014 12:25:23 2 dry C BU 0.63 390 20.16 20.14 
9/14/2014 12:45:51 2 dry N BU 0.26 390 18.90 20.46 
9/14/2014 12:15:24 2 dry S BU 0.54 390 20.24 20.07 
9/14/2014 11:01:56 2 ext C UMB 0.06 390 18.94 19.32 
9/14/2014 11:29:16 2 ext N UMB 0.55 390 17.78 18.62 
9/14/2014 11:15:01 2 ext S UMB 3.39 390 19.16 18.79 
9/14/2014 12:32:33 3 ctrl C UMB 3.10 390 20.77 21.82 
9/14/2014 12:36:47 3 ctrl N UMB 1.92 390 19.61 21.82 
9/14/2014 12:29:43 3 ctrl S UMB 2.01 390 20.61 21.25 
9/14/2014 13:30:36 3 amb C BU 1.77 390 19.46 20.62 
9/14/2014 13:34:59 3 amb N BU 2.54 390 19.06 20.84 
9/14/2014 13:25:40 3 amb S BU 2.45 390 18.76 20.48 
9/14/2014 12:45:03 3 wet C UMB 3.53 390 20.33 21.04 
9/14/2014 12:49:18 3 wet N UMB 2.06 390 19.78 21.56 
9/14/2014 12:41:28 3 wet S UMB 1.84 390 19.35 20.96 
9/14/2014 12:57:42 3 dry C UMB 1.74 390 19.81 20.60 
9/14/2014 13:01:45 3 dry N UMB 1.78 390 19.99 21.32 
9/14/2014 12:53:24 3 dry S UMB 1.99 390 19.44 20.03 
9/14/2014 13:12:49 3 ext C BU 1.09 390 19.61 20.31 
9/14/2014 13:19:22 3 ext N BU 1.27 390 18.86 21.14 
9/14/2014 13:06:03 3 ext S BU 1.96 390 19.51 19.42 
9/21/2014 12:36:56 1 ctrl C UMB 5.93 380 20.03 27.62 
9/21/2014 13:07:54 1 ctrl N BU 4.97 375 20.21 28.04 
9/21/2014 12:32:24 1 ctrl S UMB 3.26 380 19.68 27.68 
9/21/2014 12:08:38 1 amb C UMB 5.69 380 19.82 27.66 
9/21/2014 12:12:59 1 amb N UMB 3.53 380 19.89 27.28 
9/21/2014 12:04:55 1 amb S UMB 5.45 380 20.09 28.01 
9/21/2014 12:23:04 1 wet C UMB 3.64 380 20.34 27.55 
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9/21/2014 12:27:29 1 wet N UMB 2.41 380 20.40 27.32 
9/21/2014 12:18:56 1 wet S UMB 2.95 380 20.23 27.12 
9/21/2014 12:44:11 1 dry C BU 3.26 375 20.01 27.57 
9/21/2014 12:49:50 1 dry N BU 4.01 375 20.36 27.34 
9/21/2014 12:40:44 1 dry S BU 3.52 375 20.21 27.72 
9/21/2014 12:58:36 1 ext C BU 6.70 375 20.29 27.80 
9/21/2014 13:04:00 1 ext N BU 6.08 375 20.28 27.74 
9/21/2014 12:54:19 1 ext S BU 3.71 375 20.53 27.51 
9/21/2014 10:53:32 2 ctrl C BU 3.90 375 18.03 28.85 
9/21/2014 11:00:32 2 ctrl N BU 4.82 375 18.27 27.66 
9/21/2014 10:48:05 2 ctrl S BU 3.55 375 18.40 29.06 
9/21/2014 10:42:19 2 amb C UMB 5.87 380 17.94 24.45 
9/21/2014 10:48:08 2 amb N UMB 3.69 380 18.08 24.16 
9/21/2014 10:36:43 2 amb S UMB 8.87 380 17.91 24.82 
9/21/2014 10:23:25 2 wet C UMB 5.82 380 18.15 27.08 
9/21/2014 10:29:44 2 wet N UMB 4.99 380 18.34 25.87 
9/21/2014 10:17:56 2 wet S UMB 6.22 380 18.51 28.26 
9/21/2014 11:14:04 2 dry C BU 3.44 375 18.37 24.55 
9/21/2014 11:19:27 2 dry N BU 3.00 375 18.34 24.48 
9/21/2014 11:06:46 2 dry S BU 6.26 375 18.43 25.76 
9/21/2014 11:29:54 2 ext C BU 3.30 375 18.08 24.28 
9/21/2014 10:54:02 2 ext N UMB 3.67 380 17.84 23.91 
9/21/2014 11:25:36 2 ext S BU 3.19 375 17.93 24.22 
9/21/2014 12:00:31 3 ctrl C BU 3.10 375 20.14 26.33 
9/21/2014 12:04:34 3 ctrl N BU 2.87 375 19.76 26.49 
9/21/2014 11:56:22 3 ctrl S BU 3.46 375 20.42 26.32 
9/21/2014 12:12:03 3 amb C BU 4.73 375 19.26 26.76 
9/21/2014 12:16:24 3 amb N BU 4.21 375 19.21 26.95 
9/21/2014 12:09:01 3 amb S BU 3.84 375 18.80 26.58 
9/21/2014 11:23:50 3 wet C UMB 4.51 380 19.87 25.69 
9/21/2014 11:27:48 3 wet N UMB 6.07 380 19.54 25.96 
9/21/2014 11:18:00 3 wet S UMB 2.24 380 20.51 25.69 
9/21/2014 11:36:27 3 dry C UMB 4.46 380 19.05 26.43 
9/21/2014 11:40:24 3 dry N UMB 3.28 380 20.06 27.07 
9/21/2014 11:32:09 3 dry S UMB 5.48 380 18.81 26.18 
9/21/2014 11:50:54 3 ext C UMB 4.94 380 18.74 27.13 
9/21/2014 12:20:46 3 ext N BU 4.73 375 19.21 27.47 
9/21/2014 11:44:46 3 ext S UMB 7.84 380 18.39 26.77 
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10/13/2014 10:33:41 1 ctrl C UMB 2.11 394 14.28 18.81 
10/13/2014 10:39:35 1 ctrl N UMB 1.84 394 14.01 18.58 
10/13/2014 10:28:40 1 ctrl S UMB 1.53 394 14.38 19.06 
10/13/2014 9:29:47 1 amb C UMB 2.30 394 14.51 17.30 
10/13/2014 9:34:48 1 amb N UMB 1.69 394 14.43 17.78 
10/13/2014 9:25:24 1 amb S UMB 2.19 394 14.67 17.37 
10/13/2014 10:01:31 1 wet C UMB 1.60 394 14.83 18.29 
10/13/2014 10:06:55 1 wet N UMB 1.67 394 14.43 18.09 
10/13/2014 9:56:38 1 wet S UMB 1.54 394 14.77 18.28 
10/13/2014 9:46:14 1 dry C UMB 1.63 394 15.13 18.30 
10/13/2014 9:51:09 1 dry N UMB 2.08 394 14.62 18.28 
10/13/2014 9:41:44 1 dry S UMB 1.96 394 14.79 17.92 
10/13/2014 10:18:12 1 ext C UMB 1.28 394 14.58 19.19 
10/13/2014 10:23:07 1 ext N UMB 2.84 394 14.42 20.01 
10/13/2014 10:12:59 1 ext S UMB 1.77 394 14.48 18.56 
10/12/2014 11:58:37 2 ctrl C UMB 0.81 390 14.34 18.81 
10/12/2014   2 ctrl N  . . . . 
10/12/2014 11:50:42 2 ctrl S UMB 0.90 390 13.77 18.93 
10/13/2014 11:39:48 2 amb C UMB 0.83 394 14.56 18.14 
10/13/2014 11:32:28 2 amb N UMB 0.61 394 14.46 18.45 
10/13/2014 11:46:52 2 amb S UMB 0.83 394 14.50 18.00 
10/12/2014 12:18:06 2 wet C UMB 0.61 390 15.06 16.81 
10/12/2014 12:26:48 2 wet N UMB 0.65 390 13.48 17.86 
10/12/2014 12:09:18 2 wet S UMB 0.46 390 15.52 17.92 
10/13/2014 11:10:28 2 dry C UMB 0.86 394 14.29 18.67 
10/13/2014 11:01:04 2 dry N UMB 0.53 394 14.18 17.89 
10/13/2014 11:20:53 2 dry S UMB 0.60 394 14.62 18.88 
10/13/2014 12:12:49 2 ext C UMB 0.41 394 14.57 18.92 
10/13/2014 11:58:23 2 ext N UMB 0.87 394 14.43 18.00 
10/13/2014 12:20:47 2 ext S UMB 0.82 394 14.88 18.54 
10/12/2014 10:09:13 3 ctrl C UMB 1.67 390 13.49 17.59 
10/12/2014 10:14:56 3 ctrl N UMB 1.14 390 13.22 17.45 
10/12/2014 10:03:32 3 ctrl S UMB 1.07 390 13.31 17.94 
10/12/2014 11:05:59 3 amb C UMB 1.43 390 13.76 17.52 
10/12/2014 11:11:47 3 amb N UMB 1.75 390 14.34 17.35 
10/12/2014 11:00:06 3 amb S UMB 1.79 390 14.07 18.33 
10/12/2014 10:28:58 3 wet C UMB 1.03 390 13.79 17.33 
10/12/2014 10:37:42 3 wet N UMB 1.96 390 14.58 17.82 
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10/12/2014 10:22:29 3 wet S UMB 0.93 390 14.47 17.43 
10/12/2014 10:48:40 3 dry C UMB 1.21 390 14.37 17.49 
10/12/2014 10:54:36 3 dry N UMB 1.24 390 13.41 17.77 
10/12/2014 10:42:48 3 dry S UMB 1.52 390 14.56 17.94 
10/12/2014 11:22:12 3 ext C UMB 1.21 390 14.77 17.17 
10/12/2014 11:28:57 3 ext N UMB 1.08 390 13.39 17.11 
10/12/2014 11:16:54 3 ext S UMB 2.26 390 15.16 16.45 
10/19/2014 12:57:15 1 ctrl C BU 3.72 395 16.63 13.83 
10/19/2014 12:52:48 1 ctrl N BU 2.33 395 16.48 13.53 
10/19/2014 12:21:48 1 ctrl S UMB 1.69 395 16.68 15.32 
10/19/2014 13:03:20 1 amb C UMB 2.14 395 16.75 14.13 
10/19/2014 12:56:51 1 amb N UMB 1.89 395 16.55 14.19 
10/19/2014 13:29:17 1 amb S BU 4.84 395 16.94 12.43 
10/19/2014 12:40:46 1 wet C UMB 1.63 395 16.81 14.59 
10/19/2014 13:17:27 1 wet N BU 1.88 395 16.58 13.51 
10/19/2014 13:10:57 1 wet S BU 1.76 395 16.79 13.84 
10/19/2014 12:51:50 1 dry C UMB 1.37 395 17.01 14.17 
10/19/2014 13:23:42 1 dry N BU 2.29 395 16.67 13.18 
10/19/2014 12:46:20 1 dry S UMB 2.04 395 16.98 14.32 
10/19/2014 13:03:22 1 ext C BU 2.67 395 16.73 13.94 
10/19/2014 12:32:31 1 ext N UMB 2.98 395 16.53 14.96 
10/19/2014 12:27:50 1 ext S UMB 1.67 395 16.72 15.10 
10/19/2014 11:21:35 2 ctrl C UMB 3.71 395 16.52 15.88 
10/19/2014 11:56:04 2 ctrl N BU 2.61 395 16.23 14.90 
10/19/2014 11:50:24 2 ctrl S BU 3.50 395 16.13 14.10 
10/19/2014 12:22:47 2 amb C BU 2.10 395 16.40 14.90 
10/19/2014 11:52:32 2 amb N UMB 1.87 395 16.18 14.86 
10/19/2014 11:48:12 2 amb S UMB 1.96 395 16.35 15.33 
10/19/2014 12:02:43 2 wet C BU 2.12 395 16.35 14.48 
10/19/2014 11:32:29 2 wet N UMB 2.12 395 15.75 15.23 
10/19/2014 11:26:24 2 wet S UMB 1.71 395 16.58 15.60 
10/19/2014 11:42:42 2 dry C UMB 1.63 395 15.77 15.44 
10/19/2014 12:16:02 2 dry N BU 1.48 395 16.15 14.89 
10/19/2014 12:07:54 2 dry S BU 9.68 395 16.72 14.54 
10/19/2014 11:58:04 2 ext C UMB 1.54 395 16.48 14.54 
10/19/2014 12:34:18 2 ext N BU 2.04 395 16.38 13.80 
10/19/2014 12:28:54 2 ext S BU 1.88 395 16.34 14.10 
10/19/2014 10:59:36 3 ctrl C UMB 2.97 395 15.67 13.64 
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10/19/2014 11:32:50 3 ctrl N BU 2.98 395 15.32 13.60 
10/19/2014 11:27:36 3 ctrl S BU 1.66 395 15.64 13.26 
10/19/2014 10:58:46 3 amb C BU 1.54 395 16.01 13.05 
10/19/2014 10:32:45 3 amb N UMB 2.03 395 15.88 13.59 
10/19/2014 10:24:46 3 amb S UMB 1.76 395 16.39 13.24 
10/19/2014 11:18:58 3 wet C BU 1.20 395 15.77 13.38 
10/19/2014 10:55:09 3 wet N UMB 1.58 395 15.79 13.62 
10/19/2014 10:47:40 3 wet S UMB 0.82 395 15.52 13.61 
10/19/2014 10:38:41 3 dry C UMB 1.71 395 15.77 13.69 
10/19/2014 11:11:49 3 dry N BU 1.66 395 15.68 13.37 
10/19/2014 11:05:35 3 dry S BU 2.07 395 16.06 13.13 
10/19/2014 10:17:37 3 ext C UMB 1.98 395 16.33 13.51 
10/19/2014 10:51:44 3 ext N BU 1.92 395 15.81 12.91 
10/19/2014 10:46:56 3 ext S BU 2.88 395 16.30 13.02 
11/12/2014 13:43:55 1 ctrl C BU 1.55 390 12.45 19.14 
11/12/2014 13:44:09 1 ctrl N UMB 1.46 395 11.96 16.76 
11/12/2014 13:29:12 1 ctrl S BU 1.58 390 12.36 17.82 
11/12/2014 14:27:53 1 amb C UMB 1.24 395 12.64 16.87 
11/12/2014 14:23:54 1 amb N BU 1.34 390 12.62 19.09 
11/12/2014 14:21:45 1 amb S UMB 1.35 395 12.64 17.25 
11/12/2014 14:02:52 1 wet C UMB 1.16 395 12.85 17.41 
11/12/2014 14:06:34 1 wet N BU 1.33 390 12.70 19.67 
11/12/2014 13:59:31 1 wet S BU 1.23 390 12.77 19.44 
11/12/2014 14:16:01 1 dry C BU 1.01 390 12.85 19.44 
11/12/2014 14:15:54 1 dry N UMB 1.41 395 12.74 17.58 
11/12/2014 14:09:45 1 dry S UMB 1.25 395 12.88 17.63 
11/12/2014 13:51:55 1 ext C BU 0.82 390 12.73 19.79 
11/12/2014 13:54:56 1 ext N UMB 1.69 395 12.47 17.20 
11/12/2014 13:49:34 1 ext S UMB 1.32 395 12.56 16.91 
11/12/2014 12:21:00 2 ctrl C UMB 0.68 395 11.06 15.34 
11/12/2014 12:30:56 2 ctrl N UMB 1.01 395 10.83 16.30 
11/12/2014 12:11:17 2 ctrl S UMB 1.31 395 11.29 15.55 
11/12/2014 12:49:33 2 amb C BU 0.73 390 11.58 15.40 
11/12/2014 12:59:40 2 amb N BU 0.59 390 11.34 14.26 
11/12/2014 12:40:18 2 amb S BU 0.91 390 11.63 16.19 
11/12/2014 12:44:49 2 wet C UMB 0.88 395 11.33 15.86 
11/12/2014 12:52:23 2 wet N UMB 1.01 395 11.47 15.61 
11/12/2014 12:37:24 2 wet S UMB 1.24 395 11.25 16.14 
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11/12/2014 13:11:39 2 dry C BU 0.67 390 11.51 14.12 
11/12/2014 13:17:31 2 dry N UMB 2.07 395 11.27 15.62 
11/12/2014 13:02:45 2 dry S UMB 0.63 395 11.89 15.81 
11/12/2014 12:22:15 2 ext C BU 0.57 390 11.53 15.26 
11/12/2014 12:32:05 2 ext N BU 0.94 390 11.12 15.96 
11/12/2014 12:10:05 2 ext S BU 0.86 390 11.62 15.14 
11/12/2014 11:16:13 3 ctrl C UMB 1.02 395 12.11 16.53 
11/12/2014 11:28:17 3 ctrl N UMB 0.96 395 11.68 15.18 
11/12/2014 11:08:35 3 ctrl S UMB 1.05 395 12.33 18.27 
11/12/2014 11:39:33 3 amb C BU 1.24 390 11.65 15.36 
11/12/2014 11:45:15 3 amb N BU 2.24 390 11.27 15.33 
11/12/2014 11:32:45 3 amb S BU 2.18 390 11.82 15.08 
11/12/2014 11:42:48 3 wet C UMB 1.09 395 11.90 15.04 
11/12/2014 11:48:58 3 wet N UMB 1.17 395 11.76 15.30 
11/12/2014 11:35:55 3 wet S UMB 0.90 395 12.18 15.02 
11/12/2014 11:54:50 3 dry C BU 2.14 390 11.86 15.65 
11/12/2014 11:55:31 3 dry N UMB 0.93 395 11.57 15.56 
11/12/2014 11:50:31 3 dry S BU 2.08 390 11.42 15.71 
11/12/2014 11:18:29 3 ext C BU 1.00 390 11.36 16.28 
11/12/2014 11:27:13 3 ext N BU 1.05 390 11.41 14.93 
11/12/2014 11:11:21 3 ext S BU 1.77 390 11.49 17.56 
11/19/2014 10:54:30 1 ctrl C BU 1.21 400 6.23 5.07 
11/19/2014 11:04:52 1 ctrl N BU 0.76 400 4.17 5.55 
11/19/2014 10:44:55 1 ctrl S BU 0.36 400 5.61 4.44 
11/19/2014 9:37:30 1 amb C UMB 0.29 400 5.20 3.72 
11/19/2014 9:50:05 1 amb N UMB 0.50 400 5.54 3.04 
11/19/2014 9:17:10 1 amb S UMB 0.44 400 5.42 4.49 
11/19/2014 10:49:20 1 wet C UMB 0.41 400 6.70 4.72 
11/19/2014 12:16:08 1 wet N BU 0.53 400 4.04 3.99 
11/19/2014 10:37:19 1 wet S UMB 0.39 400 6.00 5.32 
11/19/2014 10:11:20 1 dry C UMB 0.48 400 6.63 4.33 
11/19/2014 10:20:45 1 dry N UMB -0.47 400 4.89 3.74 
11/19/2014 10:02:07 1 dry S UMB 0.69 400 6.33 4.00 
11/19/2014 11:43:45 1 ext C BU 0.82 400 5.81 4.38 
11/19/2014 12:03:10 1 ext N BU 0.81 400 4.22 4.57 
11/19/2014 11:23:24 1 ext S BU 0.49 400 6.44 5.49 
11/18/2014 12:44:57 2 ctrl C UMB 0.45 405 9.80 7.29 
11/18/2014 12:56:12 2 ctrl N UMB 0.59 405 9.32 7.17 
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11/18/2014 12:32:33 2 ctrl S UMB 0.99 405 9.41 8.85 
11/18/2014 14:20:44 2 amb C BU 0.39 400 9.55 6.51 
11/18/2014 14:38:10 2 amb N BU 1.45 350 9.53 7.90 
11/18/2014 14:13:11 2 amb S BU 1.43 400 9.34 7.71 
11/18/2014 15:22:37 2 wet C BU 0.31 400 8.08 5.74 
11/18/2014 15:32:06 2 wet N BU 0.61 400 8.71 6.38 
11/18/2014 13:06:42 2 wet S UMB 0.69 405 9.69 7.62 
11/18/2014 15:02:14 2 dry C BU 0.61 400 9.22 5.95 
11/18/2014 15:12:10 2 dry N BU 0.20 400 8.92 6.67 
11/18/2014 14:44:11 2 dry S BU 2.16 350 9.51 7.46 
11/18/2014 14:00:28 2 ext C BU 0.45 400 10.19 8.30 
11/18/2014 14:07:56 2 ext N BU 0.78 400 9.38 8.91 
11/18/2014 13:52:08 2 ext S BU 0.75 400 10.37 9.13 
11/18/2014 12:49:17 3 ctrl C BU 0.75 400 9.82 10.15 
11/18/2014 12:55:20 3 ctrl N BU 1.82 400 9.11 10.58 
11/18/2014 12:35:28 3 ctrl S BU 0.77 400 9.58 9.75 
11/18/2014 11:51:16 3 amb C UMB 0.41 405 9.55 8.00 
11/18/2014 12:06:32 3 amb N UMB 0.32 405 9.10 7.85 
11/18/2014 11:39:41 3 amb S UMB 0.74 405 9.87 8.25 
11/18/2014 13:15:19 3 wet C BU 0.51 400 9.31 7.39 
11/18/2014 13:22:50 3 wet N BU 1.45 400 9.05 8.04 
11/18/2014 13:04:15 3 wet S BU 0.72 400 8.91 9.74 
11/18/2014 13:38:20 3 dry C BU 0.66 400 9.32 7.24 
11/18/2014 12:19:52 3 dry N UMB 0.50 405 8.69 8.90 
11/18/2014 13:30:08 3 dry S BU 0.28 400 9.29 7.41 
11/18/2014 11:15:31 3 ext C UMB 0.35 405 10.20 8.04 
11/18/2014 11:29:39 3 ext N UMB 0.53 405 8.80 8.26 
11/18/2014 11:00:09 3 ext S UMB 0.90 405 9.95 9.46 
5/21/2015 12:41:42 1 ctrl C BU 1.25 400 13.43 26.40 
5/21/2015 12:49:00 1 ctrl N BU 1.20 400 13.14 27.86 
5/21/2015 12:35:15 1 ctrl S BU 1.53 400 13.38 25.80 
5/21/2015 11:40:01 1 amb C BU 2.74 350 12.86 24.04 
5/21/2015 13:20:14 1 amb N BU 3.12 400 13.55 26.58 
5/21/2015 13:12:56 1 amb S BU 3.71 400 13.32 26.39 
5/21/2015 12:16:11 1 wet C BU 1.19 400 13.22 24.61 
5/21/2015 12:21:05 1 wet N BU 2.46 400 13.40 25.43 
5/21/2015 12:09:21 1 wet S BU 1.06 400 13.53 23.84 
5/21/2015 12:27:08 1 dry C BU 3.68 400 13.24 24.94 
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5/21/2015 12:30:18 1 dry N BU 3.17 400 13.32 24.68 
5/21/2015 12:24:28 1 dry S BU 3.14 400 13.18 25.18 
5/21/2015 13:02:15 1 ext C BU 1.25 400 13.43 26.46 
5/21/2015 13:08:37 1 ext N BU 1.36 400 13.08 25.87 
5/21/2015 12:56:01 1 ext S BU 1.52 400 13.40 27.61 
5/22/2015 10:27:15 2 ctrl C BU 2.19 400 13.68 23.61 
5/22/2015 10:23:04 2 ctrl N BU 2.05 400 13.33 23.70 
5/22/2015 10:31:00 2 ctrl S BU 2.33 400 12.97 23.51 
5/22/2015 12:15:32 2 amb C BU 2.14 400 13.11 26.36 
5/22/2015 12:10:57 2 amb N BU 2.62 400 13.60 27.59 
5/22/2015 12:19:28 2 amb S BU 1.95 400 13.47 26.13 
5/22/2015 9:59:54 2 wet C BU 2.02 400 13.40 22.00 
5/22/2015 9:55:15 2 wet N BU 2.46 400 13.90 21.44 
5/22/2015 10:03:59 2 wet S BU 2.12 400 13.03 22.16 
5/22/2015 10:13:35 2 dry C BU 2.46 400 13.36 23.59 
5/22/2015 10:09:00 2 dry N BU 2.18 400 13.33 22.86 
5/22/2015 10:18:18 2 dry S BU 1.67 400 12.57 23.29 
5/22/2015 12:03:33 2 ext C BU 4.23 400 13.88 28.25 
5/22/2015 11:59:35 2 ext N BU 2.62 400 13.75 28.33 
5/22/2015 12:07:24 2 ext S BU 2.04 400 13.76 27.82 
5/21/2015 9:04:29 3 ctrl C UMB 2.35 400 12.76 19.35 
5/21/2015 9:11:10 3 ctrl N UMB 2.52 400 13.21 19.59 
5/21/2015 8:59:11 3 ctrl S UMB 2.21 400 13.11 20.19 
5/21/2015 9:21:33 3 amb C UMB 2.20 400 12.95 19.82 
5/21/2015 9:42:39 3 amb N UMB 2.23 375 13.77 21.95 
5/21/2015 9:16:58 3 amb S UMB 2.12 400 12.87 19.49 
5/21/2015 9:22:25 3 wet C BU 1.66 400 12.71 19.84 
5/21/2015 9:28:03 3 wet N BU 2.87 400 13.74 20.13 
5/21/2015 9:16:11 3 wet S BU 1.36 400 13.03 19.54 
5/22/2015 12:39:53 3 dry C BU 3.00 400 14.02 27.66 
5/22/2015 12:43:44 3 dry N BU 2.86 400 14.36 26.52 
5/21/2015 12:35:51 3 dry S BU 1.76 400 14.32 27.85 
5/21/2015 9:40:23 3 ext C BU 1.48 400 12.05 20.48 
5/22/2015 12:48:14 3 ext N BU 2.65 400 13.55 25.00 
5/21/2015 9:34:31 3 ext S BU 1.18 400 12.47 20.13 
5/28/2015 12:24:27 1 ctrl C BU 6.75 390 17.61 37.33 
5/28/2015 12:27:48 1 ctrl N BU 9.27 390 17.52 38.40 
5/28/2015 12:21:33 1 ctrl S BU 8.81 390 18.40 36.54 
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5/28/2015 12:14:43 1 amb C BU 7.31 390 17.49 35.43 
5/28/2015 12:17:58 1 amb N BU 6.85 390 17.89 35.32 
5/28/2015 12:12:08 1 amb S BU 5.48 390 18.31 34.34 
5/28/2015 12:13:29 1 wet C UMB 6.55 390 18.01 36.71 
5/28/2015 12:10:54 1 wet N UMB 8.70 390 17.41 36.99 
5/28/2015 12:16:10 1 wet S UMB 7.56 390 17.00 37.80 
5/28/2015 12:03:25 1 dry C UMB 8.30 390 17.14 36.93 
5/28/2015 11:58:48 1 dry N UMB 6.69 390 17.57 36.41 
5/28/2015 12:06:41 1 dry S UMB 6.15 390 17.20 36.90 
5/28/2015 12:32:57 1 ext C BU 7.55 390 17.25 38.13 
5/28/2015 12:18:45 1 ext N UMB 6.02 390 17.30 37.24 
5/28/2015 12:30:14 1 ext S BU 6.61 390 17.47 37.91 
5/28/2015 12:00:54 2 ctrl C BU 5.44 390 17.71 36.31 
5/28/2015 11:49:30 2 ctrl N UMB 4.81 390 17.07 35.64 
5/28/2015 11:58:03 2 ctrl S BU 5.37 390 17.29 35.55 
5/28/2015 11:40:40 2 amb C BU 6.80 390 17.53 34.72 
5/28/2015 11:44:38 2 amb N BU 7.28 390 17.45 35.24 
5/28/2015 11:38:05 2 amb S BU 7.08 390 16.81 34.80 
5/28/2015 11:32:42 2 wet C UMB 4.61 390 17.53 34.10 
5/28/2015 11:27:03 2 wet N UMB 5.43 390 17.25 34.48 
5/28/2015 11:36:26 2 wet S UMB 3.42 390 16.89 34.24 
5/28/2015 11:43:55 2 dry C UMB 4.72 390 17.68 36.22 
5/28/2015 11:40:29 2 dry N UMB 5.29 390 16.82 34.64 
5/28/2015 11:46:49 2 dry S UMB 4.19 390 16.76 34.59 
5/28/2015 11:50:40 2 ext C BU 5.21 390 17.25 35.16 
5/28/2015 11:54:48 2 ext N BU 4.26 390 17.36 35.46 
5/28/2015 11:47:49 2 ext S BU 5.15 390 17.03 34.43 
5/28/2015 13:16:32 3 ctrl C BU 4.40 390 17.02 37.03 
5/28/2015 12:39:37 3 ctrl N UMB 5.42 390 17.50 37.82 
5/28/2015 13:13:22 3 ctrl S BU 7.63 390 17.80 37.27 
5/28/2015 12:33:37 3 amb C UMB 5.31 390 17.07 37.36 
5/28/2015 12:36:35 3 amb N UMB 5.13 390 17.01 36.81 
5/28/2015 12:30:19 3 amb S UMB 4.36 390 17.47 36.42 
5/28/2015 12:48:17 3 wet C BU 7.03 390 18.02 36.07 
5/28/2015 12:45:17 3 wet N BU 8.46 390 18.42 35.89 
5/28/2015 12:51:12 3 wet S BU 4.60 390 17.47 35.63 
5/28/2015 13:06:55 3 dry C BU 5.20 390 17.31 36.65 
5/28/2015 13:03:35 3 dry N BU 4.65 390 17.16 36.18 
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5/28/2015 13:10:23 3 dry S BU 3.74 390 17.39 36.27 
5/28/2015 12:57:04 3 ext C BU 7.04 390 18.17 36.26 
5/28/2015 12:54:14 3 ext N BU 6.89 390 17.68 35.77 
5/28/2015 13:00:11 3 ext S BU 6.02 390 16.59 35.79 
6/18/2015 12:22:45 1 ctrl C BU 2.08 380 16.25 29.52 
6/18/2015 12:29:44 1 ctrl N BU 1.55 380 16.72 30.42 
6/18/2015 12:16:49 1 ctrl S BU 2.38 380 16.46 29.53 
6/18/2015 12:08:17 1 amb C BU 6.64 380 16.55 28.55 
6/18/2015 12:11:34 1 amb N BU 6.46 380 16.88 28.46 
6/18/2015 12:04:36 1 amb S BU 7.81 380 16.92 29.30 
6/18/2015 12:07:58 1 wet C UMB 3.11 380 16.78 29.20 
6/18/2015 12:02:55 1 wet N UMB 5.38 380 16.62 28.91 
6/18/2015 12:13:32 1 wet S UMB 2.36 380 16.78 29.13 
6/18/2015 11:55:25 1 dry C UMB 8.50 380 16.42 29.07 
6/18/2015 11:52:25 1 dry N UMB 6.37 380 16.58 29.20 
6/18/2015 11:59:13 1 dry S UMB 4.92 380 16.50 29.06 
6/18/2015 12:26:58 1 ext C UMB 2.39 380 16.61 27.90 
6/18/2015 12:19:28 1 ext N UMB 1.68 380 16.79 28.42 
6/18/2015 12:39:03 1 ext S BU 2.10 380 16.46 28.39 
6/18/2015 11:45:21 2 ctrl C BU 3.80 380 16.21 27.95 
6/18/2015 11:40:31 2 ctrl N BU 4.16 380 16.56 27.07 
6/18/2015 11:49:55 2 ctrl S BU 3.92 380 16.28 28.42 
6/18/2015 10:56:34 2 amb C UMB 3.10 380 15.94 26.41 
6/18/2015 11:03:35 2 amb N UMB 3.85 380 15.92 26.20 
6/18/2015 10:43:07 2 amb S UMB 3.38 380 16.22 25.42 
6/18/2015 11:11:09 2 wet C BU 4.22 380 16.32 27.38 
6/18/2015 11:05:15 2 wet N BU 3.91 380 16.43 27.07 
6/18/2015 11:15:34 2 wet S BU 3.56 380 16.21 26.86 
6/18/2015 11:27:15 2 dry C BU 2.84 380 16.40 27.04 
6/18/2015 11:19:38 2 dry N BU 4.53 380 16.57 26.78 
6/18/2015 11:35:48 2 dry S BU 2.88 380 16.37 26.60 
6/18/2015 11:13:15 2 ext C UMB 6.35 380 16.23 25.75 
6/18/2015 11:22:14 2 ext N UMB 3.27 380 16.45 25.74 
6/18/2015 11:08:22 2 ext S UMB 3.02 380 16.27 25.56 
6/18/2015 10:29:22 3 ctrl C UMB 3.00 380 16.63 26.04 
6/18/2015 10:24:44 3 ctrl N UMB 3.06 380 16.47 25.78 
6/18/2015 10:32:57 3 ctrl S UMB 4.47 380 16.66 26.49 
6/18/2015 10:15:40 3 amb C UMB 3.07 380 16.20 25.39 
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6/18/2015 10:20:01 3 amb N UMB 3.87 380 16.51 25.28 
6/18/2015 10:09:56 3 amb S UMB 3.88 380 16.32 25.51 
6/18/2015 10:17:04 3 wet C BU 5.36 380 16.86 23.30 
6/18/2015 10:13:36 3 wet N BU 5.89 380 17.55 22.76 
6/18/2015 10:20:11 3 wet S BU 3.41 380 16.44 23.43 
6/18/2015 10:43:46 3 dry C BU 3.06 380 16.63 25.15 
6/18/2015 10:38:55 3 dry N BU 2.95 380 17.08 24.35 
6/18/2015 10:49:17 3 dry S BU 1.62 380 16.45 25.99 
6/18/2015 10:29:48 3 ext C BU 2.82 380 16.48 24.29 
6/18/2015 10:25:02 3 ext N BU 2.64 380 16.43 23.64 
6/18/2015 10:34:16 3 ext S BU 2.90 380 16.08 23.97 
6/26/2015 10:54:53 1 ctrl C UMB 4.93 385 18.38 22.54 
6/26/2015 10:59:34 1 ctrl N UMB 5.16 385 18.43 22.54 
6/26/2015 10:50:51 1 ctrl S UMB 5.36 385 18.43 21.99 
6/26/2015 10:42:04 1 amb C UMB 5.33 385 18.69 21.40 
6/26/2015 10:46:43 1 amb N UMB 6.83 385 18.57 21.40 
6/26/2015 10:38:29 1 amb S UMB 4.60 385 18.40 21.43 
6/26/2015 11:11:20 1 wet C BU 6.10 385 18.55 23.13 
6/26/2015 11:15:00 1 wet N BU 4.82 385 18.40 23.65 
6/26/2015 11:08:00 1 wet S BU 4.53 385 18.11 22.81 
6/26/2015 10:58:37 1 dry C BU 5.28 385 18.61 22.01 
6/26/2015 11:03:42 1 dry N BU 4.43 385 18.21 22.48 
6/26/2015 10:55:02 1 dry S BU 3.44 385 18.15 21.71 
6/26/2015 11:05:56 1 ext C UMB 5.38 385 18.46 22.99 
6/26/2015 11:09:18 1 ext N UMB 4.01 385 18.40 22.99 
6/26/2015 11:03:08 1 ext S UMB 4.23 385 18.12 23.16 
6/26/2015 11:53:39 2 ctrl C BU 4.62 385 18.11 25.36 
6/26/2015 11:56:39 2 ctrl N BU 4.64 385 18.00 25.51 
6/26/2015 11:51:11 2 ctrl S BU 4.77 385 17.71 25.03 
6/26/2015 11:33:05 2 amb C BU 7.30 385 17.53 23.49 
6/26/2015 11:36:16 2 amb N BU 5.92 385 17.38 23.70 
6/26/2015 11:30:19 2 amb S BU 8.00 385 17.30 23.32 
6/26/2015 11:24:34 2 wet C UMB 2.89 385 17.94 23.49 
6/26/2015 11:29:04 2 wet N UMB 3.01 385 18.12 23.90 
6/26/2015 11:19:46 2 wet S UMB 2.61 385 17.62 23.16 
6/26/2015 11:37:41 2 dry C UMB 3.25 385 18.26 24.68 
6/26/2015 11:43:52 2 dry N UMB 2.85 385 17.87 24.63 
6/26/2015 11:33:35 2 dry S UMB 3.32 385 17.84 24.29 
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6/26/2015 11:43:54 2 ext C BU 4.71 385 17.95 24.26 
6/26/2015 11:47:30 2 ext N BU 2.57 385 17.83 24.52 
6/26/2015 11:40:55 2 ext S BU 2.41 385 17.46 23.85 
6/26/2015 12:10:52 3 ctrl C BU 3.30 385 17.39 26.10 
6/26/2015 12:13:46 3 ctrl N BU 5.08 385 17.60 26.62 
6/26/2015 12:07:55 3 ctrl S BU 4.98 385 18.28 25.57 
6/26/2015 12:21:07 3 amb C BU 3.55 385 18.17 26.91 
6/26/2015 12:25:01 3 amb N BU 3.08 385 18.11 27.45 
6/26/2015 12:17:49 3 amb S BU 2.99 385 17.83 26.68 
6/26/2015 12:56:11 3 wet C BU 4.90 385 18.00 31.63 
6/26/2015 12:59:04 3 wet N BU 6.30 385 18.60 32.08 
6/26/2015 12:53:02 3 wet S BU 2.98 385 17.90 30.86 
6/26/2015 12:33:51 3 dry C BU 3.14 385 18.02 29.69 
6/26/2015 12:39:33 3 dry N BU 3.10 385 18.72 30.75 
6/26/2015 12:29:45 3 dry S BU 2.07 385 17.33 28.45 
6/26/2015 12:45:54 3 ext C BU 4.15 385 17.84 31.06 
6/26/2015 12:49:16 3 ext N BU 6.44 385 18.12 31.59 
6/26/2015 12:43:08 3 ext S BU 7.67 385 17.30 31.00 
7/25/2015 9:37:53 1 ctrl C UMB 5.55 380 20.06 23.20 
7/25/2015 9:42:31 1 ctrl N BU 5.15 370 20.00 22.64 
7/25/2015 9:33:59 1 ctrl S UMB 6.11 380 20.27 22.67 
7/25/2015 9:38:39 1 amb C BU 4.18 370 20.22 22.23 
7/25/2015 9:29:22 1 amb N UMB 6.81 380 20.33 22.59 
7/25/2015 9:34:42 1 amb S BU 5.06 370 20.46 21.85 
7/25/2015 9:46:22 1 wet C UMB 4.39 380 20.10 24.37 
7/25/2015 9:55:23 1 wet N BU 5.33 370 19.92 24.31 
7/25/2015 9:51:29 1 wet S UMB 3.97 380 19.68 24.94 
7/25/2015 10:04:25 1 dry C BU 5.68 370 20.19 24.44 
7/25/2015 9:55:00 1 dry N UMB 4.39 380 19.81 24.36 
7/25/2015 10:01:12 1 dry S BU 3.26 370 19.98 24.14 
7/25/2015 9:51:43 1 ext C BU 4.23 370 20.23 24.23 
7/25/2015 9:42:43 1 ext N UMB 3.77 380 19.75 24.04 
7/25/2015 9:48:39 1 ext S BU 3.92 370 19.93 23.95 
7/25/2015 10:32:36 2 ctrl C BU 9.76 370 19.88 23.86 
7/25/2015 10:28:43 2 ctrl N BU 3.31 370 20.08 23.35 
7/25/2015 10:36:44 2 ctrl S BU 6.25 370 19.79 24.86 
7/25/2015 10:44:57 2 amb C BU 4.45 370 19.52 25.15 
7/25/2015 10:39:19 2 amb N UMB 3.44 380 18.99 23.91 
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7/25/2015 10:41:47 2 amb S BU 3.66 370 19.19 24.87 
7/25/2015 10:10:01 2 wet C UMB 2.99 380 19.63 24.19 
7/25/2015 10:05:11 2 wet N UMB 3.63 380 19.79 24.25 
7/25/2015 10:17:46 2 wet S BU 12.15 370 19.52 23.55 
7/25/2015 10:19:11 2 dry C UMB 2.62 380 19.78 23.96 
7/25/2015 10:14:38 2 dry N UMB 2.59 380 19.87 23.82 
7/25/2015 10:23:15 2 dry S UMB 3.20 380 19.60 24.02 
7/25/2015 10:31:29 2 ext C UMB 3.79 380 19.82 24.70 
7/25/2015 10:27:18 2 ext N UMB 2.50 380 19.70 24.30 
7/25/2015 10:35:07 2 ext S UMB 3.14 380 19.55 24.49 
7/25/2015 11:20:30 3 ctrl C BU 7.28 370 19.57 26.45 
7/25/2015 11:23:45 3 ctrl N BU 4.70 370 19.78 25.98 
7/25/2015 11:16:50 3 ctrl S BU 4.56 370 19.91 25.71 
7/25/2015 11:01:03 3 amb C BU 3.50 370 19.92 24.97 
7/25/2015 10:50:22 3 amb N UMB 3.34 380 19.75 23.06 
7/25/2015 10:56:56 3 amb S BU 2.78 370 19.75 24.95 
7/25/2015 11:11:20 3 wet C UMB 3.75 380 19.45 24.70 
7/25/2015 11:14:50 3 wet N UMB 5.10 380 20.11 25.51 
7/25/2015 11:07:53 3 wet S UMB 2.92 380 18.94 23.68 
7/25/2015 10:59:39 3 dry C UMB 2.95 380 19.82 23.89 
7/25/2015 11:05:47 3 dry N BU 3.27 370 20.90 25.30 
7/25/2015 10:55:10 3 dry S UMB 2.46 380 19.64 23.30 
7/25/2015 11:12:59 3 ext C BU 3.84 370 20.00 25.40 
7/25/2015 11:03:43 3 ext N UMB 4.11 380 19.63 23.79 
7/25/2015 11:09:28 3 ext S BU 5.55 370 19.58 25.15 
8/7/2015 11:00:00 1 ctrl C BU 3.98 385 21.87 28.29 
8/7/2015 10:59:59 1 ctrl N UMB 4.81 400 20.97 29.90 
8/7/2015 10:53:24 1 ctrl S UMB 3.28 400 20.53 28.95 
8/7/2015 10:49:10 1 amb C UMB 5.75 400 20.44 29.12 
8/7/2015 10:56:32 1 amb N BU 7.67 385 20.90 27.76 
8/7/2015 10:49:43 1 amb S BU 9.49 385 21.13 28.31 
8/7/2015 11:17:09 1 wet C BU 9.40 385 21.29 27.78 
8/7/2015 11:13:32 1 wet N UMB 4.71 400 21.00 29.65 
8/7/2015 11:10:11 1 wet S UMB 3.17 400 20.54 29.79 
8/7/2015 11:17:29 1 dry C UMB 5.19 400 21.16 29.55 
8/7/2015 11:24:31 1 dry N BU 9.49 385 20.89 27.50 
8/7/2015 11:20:31 1 dry S BU 4.28 385 20.56 27.70 
8/7/2015 11:05:24 1 ext C UMB 2.37 400 21.26 30.76 
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8/7/2015 11:11:40 1 ext N BU 3.03 385 21.23 27.41 
8/7/2015 11:07:35 1 ext S BU 3.74 385 20.66 27.60 
8/7/2015 10:42:26 2 ctrl C BU 6.62 385 20.59 28.91 
8/7/2015 10:36:44 2 ctrl N UMB 2.62 400 20.12 28.11 
8/7/2015 10:38:50 2 ctrl S BU 6.03 385 20.74 28.53 
8/7/2015 10:17:58 2 amb C BU 5.03 385 21.82 28.02 
8/7/2015 10:22:49 2 amb N BU 2.75 385 20.53 27.65 
8/7/2015 10:13:01 2 amb S BU 3.20 385 20.94 28.64 
8/7/2015 10:09:41 2 wet C UMB 2.62 400 20.49 27.81 
8/7/2015 10:04:08 2 wet N UMB 2.59 400 21.00 28.57 
8/7/2015 10:14:22 2 wet S UMB 2.36 400 20.05 27.96 
8/7/2015 10:26:38 2 dry C UMB 2.08 400 20.46 27.98 
8/7/2015 10:20:25 2 dry N UMB 2.09 400 20.34 29.41 
8/7/2015 10:31:50 2 dry S UMB 3.15 400 20.29 27.85 
8/7/2015 10:31:50 2 ext C BU 3.82 385 20.28 27.26 
8/7/2015 10:35:24 2 ext N BU 2.66 385 20.41 27.64 
8/7/2015 10:27:11 2 ext S BU 2.96 385 20.58 27.48 
8/7/2015 12:58:59 3 ctrl C BU 3.48 350 21.12 31.02 
8/7/2015 12:49:29 3 ctrl N BU 4.61 385 21.25 29.04 
8/7/2015 13:02:56 3 ctrl S BU 11.23 350 21.31 30.72 
8/7/2015 12:36:23 3 amb C BU 6.28 385 20.80 30.42 
8/7/2015 13:08:44 3 amb N BU 5.99 350 21.54 30.80 
8/7/2015 12:44:39 3 amb S BU 4.56 385 21.39 29.54 
8/7/2015 11:45:51 3 wet C BU 7.51 385 21.13 27.44 
8/7/2015 11:29:46 3 wet N UMB 3.28 400 21.02 30.00 
8/7/2015 11:40:58 3 wet S UMB 4.51 400 19.34 30.51 
8/7/2015 12:01:55 3 dry C UMB 3.84 400 20.31 30.35 
8/7/2015 11:55:37 3 dry N UMB 2.83 400 20.81 30.29 
8/7/2015 12:16:35 3 dry S UMB 2.12 400 20.43 32.43 
8/7/2015 11:45:28 3 ext C UMB 4.34 400 20.39 29.90 
8/7/2015 12:30:25 3 ext N BU 3.12 385 21.05 31.22 
8/7/2015 11:49:52 3 ext S UMB 4.63 400 20.18 29.65 
8/22/2015 10:46:07 1 ctrl C BU 3.97 375 23.24 24.09 
8/22/2015 10:50:01 1 ctrl N BU 3.99 375 23.36 23.83 
8/22/2015 10:36:05 1 ctrl S BU 7.26 375 23.33 23.82 
8/22/2015 10:28:37 1 amb C UMB 4.08 390 23.03 23.93 
8/22/2015 10:32:14 1 amb N UMB 6.20 390 23.24 23.86 
8/22/2015 10:24:42 1 amb S UMB 4.12 390 23.02 23.76 
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8/22/2015 10:51:12 1 wet C UMB 4.40 390 23.14 23.92 
8/22/2015 10:55:37 1 wet N UMB 6.63 390 23.01 23.96 
8/22/2015 10:47:51 1 wet S UMB 4.37 390 23.06 23.99 
8/22/2015 10:58:45 1 dry C BU 3.38 375 22.79 26.01 
8/22/2015 11:03:41 1 dry N BU 3.38 375 22.84 25.98 
8/22/2015 10:54:37 1 dry S BU 3.58 375 22.53 25.82 
8/22/2015 10:40:03 1 ext C UMB 4.82 390 23.24 23.95 
8/22/2015 10:44:07 1 ext N UMB 2.85 390 23.29 24.26 
8/22/2015 10:37:03 1 ext S UMB 4.16 390 23.18 23.91 
8/22/2015 11:47:33 2 ctrl C UMB 1.92 390 22.77 28.44 
8/22/2015 11:41:34 2 ctrl N UMB 2.23 390 23.25 26.90 
8/22/2015 11:53:09 2 ctrl S UMB 2.02 390 22.46 28.02 
8/22/2015 12:16:03 2 amb C UMB 7.66 390 22.26 26.63 
8/22/2015 12:12:22 2 amb N UMB 3.39 390 22.38 27.00 
8/22/2015 12:22:32 2 amb S UMB 3.65 390 22.10 26.32 
8/22/2015 11:12:22 2 wet C UMB 2.72 390 22.20 23.82 
8/22/2015 11:02:57 2 wet N UMB 3.08 390 22.74 23.58 
8/22/2015 11:18:04 2 wet S UMB 2.36 390 22.21 24.03 
8/22/2015 11:28:28 2 dry C UMB 2.46 390 22.37 24.82 
8/22/2015 11:23:07 2 dry N UMB 2.88 390 22.61 24.02 
8/22/2015 11:36:08 2 dry S UMB 2.54 390 22.55 25.58 
8/22/2015 12:03:05 2 ext C UMB 4.03 390 22.58 27.26 
8/22/2015 11:59:15 2 ext N UMB 2.27 390 23.06 27.44 
8/22/2015 12:07:23 2 ext S UMB 3.21 390 22.56 27.35 
8/22/2015 13:27:48 3 ctrl C UMB 2.23 390 22.41 30.12 
8/22/2015 13:22:25 3 ctrl N UMB -2.41 390 22.32 29.97 
8/22/2015 13:31:40 3 ctrl S UMB 3.68 390 22.63 30.27 
8/22/2015 13:13:23 3 amb C UMB 4.10 390 22.21 29.82 
8/22/2015 13:09:19 3 amb N UMB 3.59 390 22.36 29.89 
8/22/2015 13:17:46 3 amb S UMB 3.16 390 22.40 29.90 
8/22/2015 12:35:37 3 wet C UMB 3.82 390 22.25 26.44 
8/22/2015 12:32:03 3 wet N UMB 5.08 390 22.72 26.23 
8/22/2015 12:39:14 3 wet S UMB 4.33 390 21.90 26.81 
8/22/2015 12:58:52 3 dry C UMB 2.39 390 22.23 28.67 
8/22/2015 12:53:49 3 dry N UMB 3.24 390 23.08 28.35 
8/22/2015 13:04:45 3 dry S UMB 2.01 390 22.33 29.21 
8/22/2015 12:46:27 3 ext C UMB 3.82 390 22.07 27.44 
8/22/2015 12:42:55 3 ext N UMB 3.58 390 22.46 27.17 
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8/22/2015 12:49:47 3 ext S UMB 3.87 390 22.24 27.50 
9/5/2015 13:56:47 1 ctrl C UMB 7.94 385 21.37 30.93 
9/5/2015 13:53:17 1 ctrl N UMB 6.74 385 21.13 30.09 
9/5/2015 13:59:56 1 ctrl S UMB 5.66 385 21.22 31.56 
9/5/2015 14:06:03 1 amb C UMB 4.63 385 21.04 31.56 
9/5/2015 14:02:55 1 amb N UMB 6.42 385 21.07 31.63 
9/5/2015 14:08:49 1 amb S UMB 4.56 385 21.02 31.02 
9/5/2015 13:37:17 1 wet C UMB 4.91 385 21.18 30.11 
9/5/2015 13:32:28 1 wet N UMB 5.39 385 21.87 30.91 
9/5/2015 13:40:08 1 wet S UMB 4.67 385 21.07 30.21 
9/5/2015 13:25:34 1 dry C UMB 4.11 385 20.82 31.29 
9/5/2015 13:21:47 1 dry N UMB 3.91 385 -323.15 31.61 
9/5/2015 13:29:25 1 dry S UMB 3.04 385 21.14 30.48 
9/5/2015 13:47:16 1 ext C UMB 7.83 385 21.37 29.92 
9/5/2015 13:43:39 1 ext N UMB 3.58 385 21.06 29.95 
9/5/2015 13:50:08 1 ext S UMB 4.93 385 21.81 29.98 
9/5/2015 10:48:43 2 ctrl C UMB 1.80 385 20.14 31.17 
9/5/2015 10:43:26 2 ctrl N UMB 1.25 385 19.74 30.64 
9/5/2015 10:57:17 2 ctrl S UMB 0.95 385 19.91 31.57 
9/5/2015 11:25:57 2 amb C UMB 1.04 385 20.17 32.29 
9/5/2015 11:18:57 2 amb N UMB 1.66 385 20.76 31.75 
9/5/2015 11:30:02 2 amb S UMB 3.04 385 19.98 31.99 
9/5/2015 10:03:58 2 wet C UMB 1.18 385 19.94 28.49 
9/5/2015 9:54:37 2 wet N UMB 1.09 385 20.86 29.30 
9/5/2015 10:12:35 2 wet S UMB 0.87 385 19.22 28.57 
9/5/2015 10:29:35 2 dry C UMB 1.15 385 20.48 29.67 
9/5/2015 10:21:11 2 dry N UMB 1.26 385 20.13 29.35 
9/5/2015 10:36:29 2 dry S UMB 1.25 385 19.23 29.63 
9/5/2015 11:08:58 2 ext C UMB 17.26 385 19.74 31.92 
9/5/2015 11:04:14 2 ext N UMB 1.00 385 20.02 32.17 
9/5/2015 11:13:38 2 ext S UMB 1.63 385 20.09 32.02 
9/5/2015 13:03:10 3 ctrl C UMB 1.43 385 21.05 33.04 
9/5/2015 12:56:46 3 ctrl N UMB 1.35 385 20.30 32.34 
9/5/2015 13:08:55 3 ctrl S UMB 1.22 385 21.46 32.17 
9/5/2015 12:45:48 3 amb C UMB 1.14 385 20.57 33.08 
9/5/2015 12:38:54 3 amb N UMB 2.17 385 21.00 32.37 
9/5/2015 12:51:15 3 amb S UMB 1.62 385 21.01 32.36 
9/5/2015 11:53:56 3 wet C UMB 2.35 385 20.41 31.05 
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9/5/2015 11:49:13 3 wet N UMB 1.80 385 20.90 30.11 
9/5/2015 11:57:38 3 wet S UMB 2.77 385 19.21 31.26 
9/5/2015 12:26:16 3 dry C UMB 1.03 385 21.78 32.65 
9/5/2015 12:17:58 3 dry N UMB 2.09 385 21.09 32.34 
9/5/2015 12:33:38 3 dry S UMB 1.09 385 21.26 32.86 
9/5/2015 12:07:57 3 ext C UMB 1.60 385 20.96 31.64 
9/5/2015 12:02:11 3 ext N UMB 2.02 385 20.61 31.64 
9/5/2015 12:11:27 3 ext S UMB 2.38 385 20.54 32.01 
10/4/2015 11:04:34 1 ctrl C UMB 1.20 450 13.89 14.51 
10/4/2015 11:10:35 1 ctrl N UMB 1.71 450 14.14 16.29 
10/4/2015 10:58:16 1 ctrl S UMB 1.79 450 13.45 13.48 
10/4/2015 10:45:56 1 amb C UMB 1.23 400 14.06 13.09 
10/4/2015 10:53:26 1 amb N UMB 2.20 450 12.53 13.42 
10/4/2015 10:40:02 1 amb S UMB 1.72 400 12.52 13.15 
10/4/2015 12:00:08 1 wet C UMB 1.40 400 13.95 14.49 
10/4/2015 12:05:02 1 wet N UMB 1.99 400 14.47 15.39 
10/4/2015 11:52:53 1 wet S UMB 0.57 400 14.26 14.43 
10/4/2015 12:17:32 1 dry C UMB 1.50 400 14.21 15.15 
10/4/2015 12:26:56 1 dry N UMB 0.65 400 13.86 15.81 
10/4/2015 12:11:43 1 dry S UMB 1.04 400 14.15 15.75 
10/4/2015 11:28:43 1 ext C UMB 0.54 400 14.26 14.89 
10/4/2015 11:40:40 1 ext N UMB 0.51 400 14.12 14.88 
10/4/2015 11:18:20 1 ext S UMB 0.74 425 14.18 16.08 
10/5/2015 17:29:47 2 ctrl C UMB 1.57 400 13.89 14.28 
10/5/2015 17:38:34 2 ctrl N UMB 0.73 400 13.92 14.29 
10/5/2015 17:22:58 2 ctrl S UMB 0.81 400 13.58 14.60 
10/5/2015 16:45:42 2 amb C UMB 1.37 400 13.60 15.67 
10/5/2015 16:51:52 2 amb N UMB 1.11 400 13.36 15.27 
10/5/2015 16:40:44 2 amb S UMB 2.02 400 13.53 15.92 
10/4/2015   2 wet C  . . . . 
10/4/2015 12:40:56 2 wet N UMB . 400 13.50 14.11 
10/4/2015   2 wet S  . . . . 
10/5/2015 17:53:09 2 dry C UMB . 400 13.69 14.22 
10/5/2015   2 dry N  . . . . 
10/5/2015 17:46:32 2 dry S UMB 1.06 400 13.49 14.23 
10/5/2015 17:06:23 2 ext C UMB 1.45 400 13.41 15.02 
10/5/2015 17:13:51 2 ext N UMB 0.77 400 13.76 14.85 
10/5/2015 16:59:58 2 ext S UMB 0.76 400 13.10 15.15 
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10/5/2015 16:24:30 3 ctrl C UMB 0.81 400 14.15 16.40 
10/5/2015 16:15:24 3 ctrl N UMB 1.13 400 14.21 16.50 
10/5/2015 16:32:12 3 ctrl S UMB 1.06 400 14.17 16.36 
10/5/2015 16:00:11 3 amb C UMB 0.76 400 13.56 16.82 
10/5/2015 15:49:34 3 amb N UMB 0.75 400 14.51 17.19 
10/5/2015 16:08:35 3 amb S UMB 1.22 400 14.26 16.73 
10/5/2015 14:36:16 3 wet C UMB 0.93 400 14.24 17.87 
10/5/2015 14:28:41 3 wet N UMB 1.30 400 14.02 17.96 
10/5/2015 14:43:48 3 wet S UMB 0.93 400 13.13 17.57 
10/5/2015 15:28:35 3 dry C UMB 0.58 400 14.42 17.25 
10/5/2015 15:16:08 3 dry N UMB 0.67 400 14.58 17.52 
10/5/2015 15:39:15 3 dry S UMB 0.80 400 14.32 17.13 
10/5/2015 14:57:43 3 ext C UMB 1.34 400 13.88 17.77 
10/5/2015 14:50:57 3 ext N UMB 1.03 400 14.02 17.62 
10/5/2015 15:04:11 3 ext S UMB 1.10 400 13.52 17.44 
10/9/2015 10:19:43 1 ctrl C BU 3.83 400 13.65 18.32 
10/9/2015 10:25:17 1 ctrl N BU 3.25 400 13.55 18.39 
10/9/2015 10:15:15 1 ctrl S BU 3.02 400 13.05 18.12 
10/9/2015 10:06:40 1 amb C BU 3.31 400 13.77 17.50 
10/9/2015 10:10:22 1 amb N BU 3.29 400 13.84 17.75 
10/9/2015 10:02:44 1 amb S BU 2.31 400 13.59 17.35 
10/9/2015 10:25:30 1 wet C UMB 2.44 400 13.58 18.59 
10/9/2015 10:19:29 1 wet N UMB 2.58 400 13.56 18.47 
10/9/2015 10:29:44 1 wet S UMB 2.13 400 14.16 18.50 
10/9/2015 10:09:58 1 dry C UMB 2.28 400 13.15 17.87 
10/9/2015 10:06:27 1 dry N UMB 2.91 400 13.43 17.75 
10/9/2015 10:15:01 1 dry S UMB 3.68 400 13.40 18.08 
10/9/2015 10:32:28 1 ext C BU 2.10 400 13.95 18.42 
10/9/2015 10:34:41 1 ext N UMB 1.60 400 14.08 18.17 
10/9/2015 10:28:52 1 ext S BU 4.75 400 13.98 18.45 
10/9/2015 12:02:07 2 ctrl C UMB 2.10 400 12.90 17.95 
10/9/2015 11:57:21 2 ctrl N UMB 1.78 400 13.01 18.39 
10/9/2015 12:07:16 2 ctrl S BU 1.85 400 12.92 17.90 
10/9/2015 11:42:04 2 amb C BU -0.22 400 13.23 18.77 
10/9/2015 11:47:08 2 amb N BU 2.30 400 13.77 18.61 
10/9/2015 11:38:18 2 amb S BU 2.29 400 13.68 18.77 
10/9/2015 11:43:00 2 wet C UMB 1.45 400 13.77 18.67 
10/9/2015 11:37:45 2 wet N UMB 1.89 400 13.32 18.67 
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10/9/2015 11:48:06 2 wet S UMB 1.61 400 13.66 18.58 
10/9/2015 12:10:34 2 dry C UMB 1.78 400 13.46 17.38 
10/9/2015 11:52:32 2 dry N UMB 2.91 400 13.18 18.45 
10/9/2015 12:05:49 2 dry S UMB 2.62 400 13.10 17.56 
10/9/2015 11:55:53 2 ext C BU 2.34 400 13.46 18.62 
10/9/2015 12:01:48 2 ext N BU 3.46 400 13.85 18.51 
10/9/2015 11:51:33 2 ext S BU 2.46 400 13.26 18.74 
10/9/2015 10:53:48 3 ctrl C UMB 2.25 400 12.51 17.61 
10/9/2015 11:00:17 3 ctrl N UMB 1.07 400 12.24 17.65 
10/9/2015 10:49:32 3 ctrl S UMB 1.57 400 12.42 17.81 
10/9/2015 11:12:37 3 amb C UMB 1.36 400 13.00 17.84 
10/9/2015 11:17:30 3 amb N UMB 8.83 400 13.84 18.23 
10/9/2015 11:06:50 3 amb S UMB 1.35 400 13.08 17.67 
10/9/2015 10:55:15 3 wet C BU 2.02 400 13.72 17.85 
10/9/2015 10:50:45 3 wet N BU 2.06 400 14.02 17.65 
10/9/2015 10:59:14 3 wet S BU 2.94 400 13.26 17.56 
10/9/2015 11:25:56 3 dry C BU 1.25 400 14.03 18.99 
10/9/2015 11:18:27 3 dry N BU 1.45 400 14.23 18.61 
10/9/2015 11:23:51 3 dry S UMB 1.27 400 13.72 18.82 
10/9/2015 11:07:00 3 ext C BU 2.63 400 13.52 17.83 
10/9/2015 11:02:51 3 ext N BU 3.33 400 13.88 17.53 
10/9/2015 11:11:42 3 ext S BU 1.96 400 13.35 18.06 
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Table G.5 Soil moisture and temperature data for Chapter 3 
Date Time (H:M) Block Treatment Subplot VWC (%) Soil Temp. (°C) 
5/13/2014 17:30 1 ctrl S . . 
5/13/2014 17:30 1 ctrl C . . 
5/13/2014 17:30 1 ctrl N . . 
5/13/2014 17:30 1 amb S 49 . 
5/13/2014 17:30 1 amb C 46 . 
5/13/2014 17:30 1 amb N 48 . 
5/13/2014 17:30 1 wet S 45 . 
5/13/2014 17:30 1 wet C 42 . 
5/13/2014 17:30 1 wet N 42 . 
5/13/2014 17:30 1 dry S 47 . 
5/13/2014 17:30 1 dry C 46 . 
5/13/2014 17:30 1 dry N 45 . 
5/13/2014 17:30 1 ext S 59 . 
5/13/2014 17:30 1 ext C 42 . 
5/13/2014 17:30 1 ext N 45 . 
5/13/2014 17:30 2 ctrl S . . 
5/13/2014 17:30 2 ctrl C . . 
5/13/2014 17:30 2 ctrl N . . 
5/13/2014 17:30 2 amb S 95 . 
5/13/2014 17:30 2 amb C 84 . 
5/13/2014 17:30 2 amb N 92 . 
5/13/2014 17:30 2 wet S 90 . 
5/13/2014 17:30 2 wet C 88 . 
5/13/2014 17:30 2 wet N 91 . 
5/13/2014 17:30 2 dry S 91 . 
5/13/2014 17:30 2 dry C 92 . 
5/13/2014 17:30 2 dry N 90 . 
5/13/2014 17:30 2 ext S 86 . 
5/13/2014 17:30 2 ext C 92 . 
5/13/2014 17:30 2 ext N 91 . 
5/13/2014 17:30 3 ctrl S . . 
5/13/2014 17:30 3 ctrl C . . 
5/13/2014 17:30 3 ctrl N . . 
5/13/2014 17:30 3 amb S 71 . 
5/13/2014 17:30 3 amb C 82 . 
5/13/2014 17:30 3 amb N 73 . 
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5/13/2014 17:30 3 wet S 59 . 
5/13/2014 17:30 3 wet C 56 . 
5/13/2014 17:30 3 wet N 47 . 
5/13/2014 17:30 3 dry S 52 . 
5/13/2014 17:30 3 dry C 53 . 
5/13/2014 17:30 3 dry N 70 . 
5/13/2014 17:30 3 ext S . . 
5/13/2014 17:30 3 ext C . . 
5/13/2014 17:30 3 ext N . . 
5/29/2014 16:57 1 ctrl S 46 . 
5/29/2014 16:57 1 ctrl C 55 . 
5/29/2014 16:59 1 ctrl N 55 . 
5/29/2014 16:54 1 amb S 48 . 
5/29/2014 16:54 1 amb C 49 . 
5/29/2014 16:55 1 amb N 57 . 
5/29/2014 16:46 1 wet S 41 . 
5/29/2014 16:47 1 wet C 41 . 
5/29/2014 16:48 1 wet N 42 . 
5/29/2014 16:50 1 dry S 46 . 
5/29/2014 16:51 1 dry C 43 . 
5/29/2014 16:53 1 dry N 57 . 
5/29/2014 16:43 1 ext S 50 . 
5/29/2014 16:44 1 ext C 47 . 
5/29/2014 16:45 1 ext N 42 . 
5/29/2014 16:13 2 ctrl S 85 . 
5/29/2014 16:14 2 ctrl C 80 . 
5/29/2014 16:15 2 ctrl N 86 . 
5/29/2014 16:06 2 amb S 76 . 
5/29/2014 16:06 2 amb C 84 . 
5/29/2014 16:07 2 amb N 78 . 
5/29/2014 16:11 2 wet S 88 . 
5/29/2014 16:12 2 wet C 86 . 
5/29/2014 16:12 2 wet N 79 . 
5/29/2014 16:08 2 dry S 68 . 
5/29/2014 16:09 2 dry C 69 . 
5/29/2014 16:10 2 dry N 84 . 
5/29/2014 16:02 2 ext S 82 . 
5/29/2014 16:04 2 ext C 84 . 
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5/29/2014 16:05 2 ext N 78 . 
5/29/2014 16:22 3 ctrl S 37 . 
5/29/2014 16:23 3 ctrl C 45 . 
5/29/2014 16:24 3 ctrl N 44 . 
5/29/2014 16:31 3 amb S 83 . 
5/29/2014 16:32 3 amb C 78 . 
5/29/2014 16:33 3 amb N 82 . 
5/29/2014 16:24 3 wet S 47 . 
5/29/2014 16:25 3 wet C 36 . 
5/29/2014 16:26 3 wet N 49 . 
5/29/2014 16:27 3 dry S 62 . 
5/29/2014 16:29 3 dry C 50 . 
5/29/2014 16:30 3 dry N 70 . 
5/29/2014 16:33 3 ext S 89 . 
5/29/2014 16:34 3 ext C 89 . 
5/29/2014 16:35 3 ext N 87 . 
6/9/2014 11:53 1 ctrl S 39 19.8 
6/9/2014 11:53 1 ctrl C 44 19.4 
6/9/2014 11:53 1 ctrl N 47 19 
6/9/2014 12:09 1 amb S 41 19.3 
6/9/2014 12:09 1 amb C 47 19.2 
6/9/2014 12:09 1 amb N 43 19.1 
6/9/2014 12:01 1 wet S 40 20.4 
6/9/2014 12:01 1 wet C 40 20.1 
6/9/2014 12:01 1 wet N 42 20.2 
6/9/2014 12:05 1 dry S 38 19.4 
6/9/2014 12:05 1 dry C 43 19.4 
6/9/2014 12:05 1 dry N 43 19.3 
6/9/2014 11:57 1 ext S 37 19.9 
6/9/2014 11:57 1 ext C 45 19.6 
6/9/2014 11:57 1 ext N 53 19.5 
6/9/2014 12:48 2 ctrl S 80 17.6 
6/9/2014 12:48 2 ctrl C 80 16.9 
6/9/2014 12:48 2 ctrl N 82 16.4 
6/9/2014 13:00 2 amb S 75 17.5 
6/9/2014 13:00 2 amb C 70 17.3 
6/9/2014 13:00 2 amb N 74 16.8 
6/9/2014 12:52 2 wet S 76 16.7 
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6/9/2014 12:52 2 wet C 73 17.6 
6/9/2014 12:52 2 wet N 74 18.2 
6/9/2014 12:56 2 dry S 72 18.8 
6/9/2014 12:56 2 dry C 67 18.4 
6/9/2014 12:56 2 dry N 73 17.3 
6/9/2014 13:04 2 ext S 79 16.3 
6/9/2014 13:04 2 ext C 81 16.5 
6/9/2014 13:04 2 ext N 79 16.3 
6/9/2014 12:28 3 ctrl S 16 20.4 
6/9/2014 12:28 3 ctrl C 38 20 
6/9/2014 12:28 3 ctrl N 13 20.6 
6/9/2014 12:40 3 amb S 38 18.3 
6/9/2014 12:40 3 amb C 42 18.9 
6/9/2014 12:40 3 amb N 36 19.1 
6/9/2014 12:32 3 wet S 20 21.7 
6/9/2014 12:32 3 wet C 39 19.4 
6/9/2014 12:32 3 wet N 28 19.1 
6/9/2014 12:36 3 dry S 50 19.1 
6/9/2014 12:36 3 dry C 31 19.2 
6/9/2014 12:36 3 dry N 35 20.1 
6/9/2014 12:44 3 ext S 80 17.7 
6/9/2014 12:44 3 ext C 72 18.7 
6/9/2014 12:44 3 ext N 42 19.2 
6/19/2014 12:13 1 ctrl S 58 19.9 
6/19/2014 12:13 1 ctrl C 62 20.3 
6/19/2014 12:13 1 ctrl N 37 20.1 
6/19/2014 12:50 1 amb S 67 20.1 
6/19/2014 12:50 1 amb C 73 19.7 
6/19/2014 12:50 1 amb N 60 19.8 
6/19/2014 12:24 1 wet S 52 20.4 
6/19/2014 12:24 1 wet C 45 20 
6/19/2014 12:24 1 wet N 42 20.6 
6/19/2014 12:40 1 dry S 53 19.7 
6/19/2014 12:40 1 dry C 54 19.8 
6/19/2014 12:40 1 dry N 67 19.4 
6/19/2014 12:20 1 ext S 46 20.4 
6/19/2014 12:20 1 ext C 58 20.2 
6/19/2014 12:20 1 ext N 66 20.1 
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6/19/2014 15:31 2 ctrl S 91 18.5 
6/19/2014 15:31 2 ctrl C 88 19 
6/19/2014 15:31 2 ctrl N 88 18.9 
6/19/2014 15:44 2 amb S 86 18.6 
6/19/2014 15:44 2 amb C 84 18.3 
6/19/2014 15:44 2 amb N 84 18.7 
6/19/2014 15:34 2 wet S 84 19.6 
6/19/2014 15:34 2 wet C 81 19.1 
6/19/2014 15:34 2 wet N 86 18.2 
6/19/2014 15:38 2 dry S 86 19.2 
6/19/2014 15:38 2 dry C 84 20.1 
6/19/2014 15:38 2 dry N 91 20.6 
6/19/2014 15:46 2 ext S 87 18.8 
6/19/2014 15:46 2 ext C 85 19 
6/19/2014 15:46 2 ext N 85 19.2 
6/19/2014 13:20 3 ctrl S 48 21.5 
6/19/2014 13:20 3 ctrl C 53 21.2 
6/19/2014 13:20 3 ctrl N 51 21.2 
6/19/2014 13:50 3 amb S 82 19.3 
6/19/2014 13:50 3 amb C 81 20 
6/19/2014 13:50 3 amb N 83 19.9 
6/19/2014 13:30 3 wet S 69 20.6 
6/19/2014 13:30 3 wet C 68 20.3 
6/19/2014 13:30 3 wet N 62 20.2 
6/19/2014 13:34 3 dry S 82 19.9 
6/19/2014 13:34 3 dry C 82 20.5 
6/19/2014 13:34 3 dry N 81 21.3 
6/19/2014 13:55 3 ext S 92 18.8 
6/19/2014 13:55 3 ext C 90 19.2 
6/19/2014 13:55 3 ext N 85 20.5 
6/27/2014 . 1 ctrl S 50 21.5 
6/27/2014 . 1 ctrl C 52 21.4 
6/27/2014 . 1 ctrl N 45 21 
6/27/2014 . 1 amb S 54 20.4 
6/27/2014 . 1 amb C 55 20.7 
6/27/2014 . 1 amb N 49 20.7 
6/27/2014 . 1 wet S 44 21.4 
6/27/2014 . 1 wet C 48 21.6 
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6/27/2014 . 1 wet N 33 22.1 
6/27/2014 . 1 dry S 52 21 
6/27/2014 . 1 dry C 45 21 
6/27/2014 . 1 dry N 46 20.8 
6/27/2014 . 1 ext S 45 21.3 
6/27/2014 . 1 ext C 50 21 
6/27/2014 . 1 ext N 58 20.7 
6/27/2014 . 2 ctrl S 82 18.3 
6/27/2014 . 2 ctrl C 86 18.5 
6/27/2014 . 2 ctrl N 85 18.5 
6/27/2014 . 2 amb S 89 18.5 
6/27/2014 . 2 amb C 87 18.4 
6/27/2014 . 2 amb N 87 18.5 
6/27/2014 . 2 wet S 87 18.1 
6/27/2014 . 2 wet C 88 18.8 
6/27/2014 . 2 wet N 86 19.6 
6/27/2014 . 2 dry S 86 20.4 
6/27/2014 . 2 dry C 85 19 
6/27/2014 . 2 dry N 90 18.8 
6/27/2014 . 2 ext S 85 18.8 
6/27/2014 . 2 ext C 85 18.4 
6/27/2014 . 2 ext N 83 18.4 
6/27/2014 . 3 ctrl S 40 24.4 
6/27/2014 . 3 ctrl C 46 23.1 
6/27/2014 . 3 ctrl N 41 22.7 
6/27/2014 . 3 amb S 70 19.6 
6/27/2014 . 3 amb C 72 20.6 
6/27/2014 . 3 amb N 73 20.5 
6/27/2014 . 3 wet S 50 23.1 
6/27/2014 . 3 wet C 56 21.8 
6/27/2014 . 3 wet N 59 20.6 
6/27/2014 . 3 dry S 76 20.5 
6/27/2014 . 3 dry C 62 21.1 
6/27/2014 . 3 dry N 48 22.8 
6/27/2014 . 3 ext S 83 19.1 
6/27/2014 . 3 ext C 81 20.5 
6/27/2014 . 3 ext N 69 22.1 
7/7/2014 . 1 ctrl S 16 22.3 
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7/7/2014 . 1 ctrl C 28 22.8 
7/7/2014 . 1 ctrl N 16 23.5 
7/7/2014 . 1 amb S 41 22.5 
7/7/2014 . 1 amb C 41 22.3 
7/7/2014 . 1 amb N 33 22 
7/7/2014 . 1 wet S 18 22.5 
7/7/2014 . 1 wet C 20 23.1 
7/7/2014 . 1 wet N 23 22.5 
7/7/2014 . 1 dry S 18 22.3 
7/7/2014 . 1 dry C 30 22.1 
7/7/2014 . 1 dry N 28 21.6 
7/7/2014 . 1 ext S 49 21.9 
7/7/2014 . 1 ext C 19 22.1 
7/7/2014 . 1 ext N 13 22.2 
7/7/2014 . 2 ctrl S 73 19.4 
7/7/2014 . 2 ctrl C 70 19.6 
7/7/2014 . 2 ctrl N 66 20 
7/7/2014 . 2 amb S 75 19.4 
7/7/2014 . 2 amb C 67 19.2 
7/7/2014 . 2 amb N 79 19.4 
7/7/2014 . 2 wet S 71 21.3 
7/7/2014 . 2 wet C 66 19.9 
7/7/2014 . 2 wet N 66 19 
7/7/2014 . 2 dry S 75 20.2 
7/7/2014 . 2 dry C 73 20 
7/7/2014 . 2 dry N 77 21 
7/7/2014 . 2 ext S 83 19 
7/7/2014 . 2 ext C 84 19.3 
7/7/2014 . 2 ext N 76 19.6 
7/7/2014 . 3 ctrl S 13 20.8 
7/7/2014 . 3 ctrl C 14 21.5 
7/7/2014 . 3 ctrl N 10 22.5 
7/7/2014 . 3 amb S 26 20.5 
7/7/2014 . 3 amb C 23 21.1 
7/7/2014 . 3 amb N 36 20 
7/7/2014 . 3 wet S 16 20.1 
7/7/2014 . 3 wet C 12 20.9 
7/7/2014 . 3 wet N 9 22.2 
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7/7/2014 . 3 dry S 13 21.6 
7/7/2014 . 3 dry C 15 20.9 
7/7/2014 . 3 dry N 23 20.5 
7/7/2014 . 3 ext S 20 21 
7/7/2014 . 3 ext C 64 20.5 
7/7/2014 . 3 ext N 79 19.3 
7/18/2014 . 1 ctrl S 54 24.9 
7/18/2014 . 1 ctrl C 51 24.4 
7/18/2014 . 1 ctrl N 42 24.5 
7/18/2014 . 1 amb S 49 23.1 
7/18/2014 . 1 amb C 54 23.5 
7/18/2014 . 1 amb N 57 23.1 
7/18/2014 . 1 wet S 42 23.7 
7/18/2014 . 1 wet C 36 24.6 
7/18/2014 . 1 wet N 47 24.8 
7/18/2014 . 1 dry S 46 22.8 
7/18/2014 . 1 dry C 45 23.7 
7/18/2014 . 1 dry N 51 23.3 
7/18/2014 . 1 ext S 45 23.4 
7/18/2014 . 1 ext C 48 23.4 
7/18/2014 . 1 ext N 43 23.6 
7/18/2014 . 2 ctrl S 75 20.7 
7/18/2014 . 2 ctrl C 80 20.6 
7/18/2014 . 2 ctrl N 87 21.3 
7/18/2014 . 2 amb S 84 20.5 
7/18/2014 . 2 amb C 88 20.5 
7/18/2014 . 2 amb N 87 20.6 
7/18/2014 . 2 wet S 90 20.5 
7/18/2014 . 2 wet C 88 21.4 
7/18/2014 . 2 wet N 86 22.6 
7/18/2014 . 2 dry S 86 21.8 
7/18/2014 . 2 dry C 86 21.1 
7/18/2014 . 2 dry N 87 21 
7/18/2014 . 2 ext S 83 20.9 
7/18/2014 . 2 ext C 82 20.5 
7/18/2014 . 2 ext N 84 20.4 
7/18/2014 . 3 ctrl S 42 24.7 
7/18/2014 . 3 ctrl C 30 23.7 
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7/18/2014 . 3 ctrl N 33 23.4 
7/18/2014 . 3 amb S 78 21.3 
7/18/2014 . 3 amb C 80 21.5 
7/18/2014 . 3 amb N 79 21.6 
7/18/2014 . 3 wet S 48 23.2 
7/18/2014 . 3 wet C 58 22.5 
7/18/2014 . 3 wet N 49 22.5 
7/18/2014 . 3 dry S 78 21.5 
7/18/2014 . 3 dry C 66 22.4 
7/18/2014 . 3 dry N 52 22.9 
7/18/2014 . 3 ext S 89 20.7 
7/18/2014 . 3 ext C 80 22 
7/18/2014 . 3 ext N 83 22.8 
8/5/2014 . 1 ctrl S 27 25.3 
8/5/2014 . 1 ctrl C 42 24.5 
8/5/2014 . 1 ctrl N 25 24.2 
8/5/2014 . 1 amb S 45 24.2 
8/5/2014 . 1 amb C 49 23.6 
8/5/2014 . 1 amb N 53 24.4 
8/5/2014 . 1 wet S 45 24.1 
8/5/2014 . 1 wet C 44 24.8 
8/5/2014 . 1 wet N 33 24.3 
8/5/2014 . 1 dry S 38 23.5 
8/5/2014 . 1 dry C 35 24.7 
8/5/2014 . 1 dry N 48 23.7 
8/5/2014 . 1 ext S 27 24.2 
8/5/2014 . 1 ext C 48 23.7 
8/5/2014 . 1 ext N 62 23.9 
8/5/2014 . 2 ctrl S 70 21.5 
8/5/2014 . 2 ctrl C 77 21.2 
8/5/2014 . 2 ctrl N 80 21.1 
8/5/2014 . 2 amb S 75 20.9 
8/5/2014 . 2 amb C 75 20.8 
8/5/2014 . 2 amb N 71 21 
8/5/2014 . 2 wet S 71 20.8 
8/5/2014 . 2 wet C 67 21.5 
8/5/2014 . 2 wet N 69 22.2 
8/5/2014 . 2 dry S 73 22 
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8/5/2014 . 2 dry C 74 21.7 
8/5/2014 . 2 dry N 78 21.1 
8/5/2014 . 2 ext S 77 20.5 
8/5/2014 . 2 ext C 80 20.9 
8/5/2014 . 2 ext N 80 20.8 
8/5/2014 . 3 ctrl S 16 23.6 
8/5/2014 . 3 ctrl C 29 23 
8/5/2014 . 3 ctrl N 18 23.3 
8/5/2014 . 3 amb S 49 21.9 
8/5/2014 . 3 amb C 54 22.1 
8/5/2014 . 3 amb N 49 22.1 
8/5/2014 . 3 wet S 32 23.9 
8/5/2014 . 3 wet C 41 23.2 
8/5/2014 . 3 wet N 22 22.3 
8/5/2014 . 3 dry S 47 22.1 
8/5/2014 . 3 dry C 45 22.9 
8/5/2014 . 3 dry N 41 23.4 
8/5/2014 . 3 ext S 82 21.2 
8/5/2014 . 3 ext C 68 22.6 
8/5/2014 . 3 ext N 48 22.5 
8/15/2014 11:05 1 ctrl S 43 22.1 
8/15/2014 11:05 1 ctrl C 54 21.6 
8/15/2014 11:05 1 ctrl N 49 20.8 
8/15/2014 11:12 1 amb S 69 21.2 
8/15/2014 11:12 1 amb C 70 21 
8/15/2014 11:12 1 amb N 77 20.8 
8/15/2014 11:00 1 wet S 59 21.4 
8/15/2014 11:00 1 wet C 54 21.5 
8/15/2014 11:00 1 wet N 64 21 
8/15/2014 11:10 1 dry S 67 21.1 
8/15/2014 11:10 1 dry C 55 21.6 
8/15/2014 11:10 1 dry N 73 21.3 
8/15/2014 10:54 1 ext S 49 21.2 
8/15/2014 10:54 1 ext C 59 20.9 
8/15/2014 10:54 1 ext N 70 21.2 
8/15/2014 . 2 ctrl S 82 20.6 
8/15/2014 . 2 ctrl C 87 21.2 
8/15/2014 . 2 ctrl N 95 20.6 
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8/15/2014 . 2 amb S 86 20 
8/15/2014 . 2 amb C 88 20.3 
8/15/2014 . 2 amb N 87 20.4 
8/15/2014 . 2 wet S 88 20.1 
8/15/2014 . 2 wet C 90 20.7 
8/15/2014 . 2 wet N 87 21.4 
8/15/2014 . 2 dry S 86 20.4 
8/15/2014 . 2 dry C 88 20.7 
8/15/2014 . 2 dry N 85 20.8 
8/15/2014 . 2 ext S 87 20.2 
8/15/2014 . 2 ext C 89 20.4 
8/15/2014 . 2 ext N 85 20.9 
8/15/2014 11:57 3 ctrl S 56 21.8 
8/15/2014 11:57 3 ctrl C 60 21.6 
8/15/2014 11:57 3 ctrl N 48 21.5 
8/15/2014 11:38 3 amb S 82 21.1 
8/15/2014 11:38 3 amb C 87 20.6 
8/15/2014 11:38 3 amb N 92 20.3 
8/15/2014 11:54 3 wet S 81 22 
8/15/2014 11:54 3 wet C 75 21.2 
8/15/2014 11:54 3 wet N 64 21.3 
8/15/2014 11:43 3 dry S 85 20.7 
8/15/2014 11:43 3 dry C 83 21.2 
8/15/2014 11:43 3 dry N 82 21.4 
8/15/2014 11:31 3 ext S 92 20.6 
8/15/2014 11:31 3 ext C 89 20.2 
8/15/2014 11:31 3 ext N 91 20.7 
9/14/2014 15:17 1 ctrl S 51 21.6 
9/14/2014 15:17 1 ctrl C 52 21 
9/14/2014 15:17 1 ctrl N 66 20.6 
9/14/2014 15:00 1 amb S 50 19.5 
9/14/2014 15:00 1 amb C 52 20 
9/14/2014 15:00 1 amb N 62 20.1 
9/14/2014 15:08 1 wet S 47 19.5 
9/14/2014 15:08 1 wet C 52 20.7 
9/14/2014 15:08 1 wet N 51 20.2 
9/14/2014 15:05 1 dry S 57 19.4 
9/14/2014 15:05 1 dry C 49 20.7 
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9/14/2014 15:05 1 dry N 57 20.5 
9/14/2014 15:13 1 ext S 47 19.4 
9/14/2014 15:13 1 ext C 54 19.9 
9/14/2014 15:13 1 ext N 74 19.7 
9/14/2014 11:58 2 ctrl S 90 18.5 
9/14/2014 11:58 2 ctrl C 93 18.6 
9/14/2014 11:58 2 ctrl N 94 18.6 
9/14/2014 12:30 2 amb S 89 18.2 
9/14/2014 12:30 2 amb C 89 18.4 
9/14/2014 12:30 2 amb N 89 18.4 
9/14/2014 12:05 2 wet S 89 18.1 
9/14/2014 12:05 2 wet C 89 18.4 
9/14/2014 12:05 2 wet N 91 18.9 
9/14/2014 12:20 2 dry S 92 18.5 
9/14/2014 12:20 2 dry C 87 18.5 
9/14/2014 12:20 2 dry N 86 18.8 
9/14/2014 12:40 2 ext S 92 18.2 
9/14/2014 12:40 2 ext C 93 18.5 
9/14/2014 12:40 2 ext N 92 18.4 
9/14/2014 14:02 3 ctrl S 45 19.9 
9/14/2014 14:02 3 ctrl C 46 20.3 
9/14/2014 14:02 3 ctrl N 42 19.6 
9/14/2014 13:50 3 amb S 88 18.2 
9/14/2014 13:50 3 amb C 84 19.1 
9/14/2014 13:50 3 amb N 83 19.1 
9/14/2014 13:56 3 wet S 49 18.5 
9/14/2014 13:56 3 wet C 48 19.4 
9/14/2014 13:56 3 wet N 58 19.4 
9/14/2014 13:53 3 dry S 81 18.2 
9/14/2014 13:53 3 dry C 71 19.1 
9/14/2014 13:53 3 dry N 66 19.9 
9/14/2014 13:20 3 ext S 88 18.1 
9/14/2014 13:20 3 ext C 87 18.9 
9/14/2014 13:20 3 ext N 92 19 
9/21/2014 13:53 1 ctrl S 44 20.9 
9/21/2014 13:53 1 ctrl C 50 21.2 
9/21/2014 13:53 1 ctrl N 48 20.8 
9/21/2014 13:33 1 amb S 46 20.6 
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9/21/2014 13:33 1 amb C 47 20.4 
9/21/2014 13:33 1 amb N 48 20.5 
9/21/2014 13:43 1 wet S 45 20.7 
9/21/2014 13:43 1 wet C 43 21.1 
9/21/2014 13:43 1 wet N 43 20.9 
9/21/2014 13:38 1 dry S 47 20.8 
9/21/2014 13:38 1 dry C 35 20.8 
9/21/2014 13:38 1 dry N 49 20.6 
9/21/2014 13:48 1 ext S 42 20.9 
9/21/2014 13:48 1 ext C 48 20.6 
9/21/2014 13:48 1 ext N 50 20.8 
9/21/2014 14:15 2 ctrl S 79 18.9 
9/21/2014 14:15 2 ctrl C 80 18.9 
9/21/2014 14:15 2 ctrl N 84 18.6 
9/21/2014 14:30 2 amb S 87 18.7 
9/21/2014 14:30 2 amb C 83 18.4 
9/21/2014 14:30 2 amb N 84 18.7 
9/21/2014 14:20 2 wet S 82 18.5 
9/21/2014 14:20 2 wet C 86 19 
9/21/2014 14:20 2 wet N 81 19.5 
9/21/2014 14:25 2 dry S 75 19.5 
9/21/2014 14:25 2 dry C 78 19.1 
9/21/2014 14:25 2 dry N 80 18.8 
9/21/2014 14:36 2 ext S 86 18.5 
9/21/2014 14:36 2 ext C 89 18.8 
9/21/2014 14:36 2 ext N 89 18.7 
9/21/2014 14:45 3 ctrl S 27 21.9 
9/21/2014 14:45 3 ctrl C 27 21.4 
9/21/2014 14:45 3 ctrl N 28 21.4 
9/21/2014 15:01 3 amb S 48 19.5 
9/21/2014 15:01 3 amb C 45 19.8 
9/21/2014 15:01 3 amb N 47 19.5 
9/21/2014 14:50 3 wet S 36 21.2 
9/21/2014 14:50 3 wet C 47 21 
9/21/2014 14:50 3 wet N 26 20.2 
9/21/2014 14:55 3 dry S 50 20.3 
9/21/2014 14:55 3 dry C 45 20.1 
9/21/2014 14:55 3 dry N 40 21.3 
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9/21/2014 15:07 3 ext S 85 19 
9/21/2014 15:07 3 ext C 78 19.2 
9/21/2014 15:07 3 ext N 45 20.6 
10/1/2014 12:34 1 ctrl S 70 17.9 
10/1/2014 12:34 1 ctrl C 50 18.2 
10/1/2014 12:34 1 ctrl N 19 18.2 
10/1/2014 12:53 1 amb S 72 18.2 
10/1/2014 12:53 1 amb C 90 18.5 
10/1/2014 12:53 1 amb N 82 18.4 
10/1/2014 12:45 1 wet S 68 18.5 
10/1/2014 12:45 1 wet C 79 18.5 
10/1/2014 12:45 1 wet N 60 18.6 
10/1/2014 12:49 1 dry S 79 18.5 
10/1/2014 12:49 1 dry C 69 18.5 
10/1/2014 12:49 1 dry N 72 18.6 
10/1/2014 12:40 1 ext S 71 18.5 
10/1/2014 12:40 1 ext C 43 18.2 
10/1/2014 12:40 1 ext N 64 18.4 
10/1/2014 13:17 2 ctrl S 89 17.6 
10/1/2014 13:17 2 ctrl C 94 17.7 
10/1/2014 13:17 2 ctrl N 96 17.6 
10/1/2014 13:06 2 amb S 93 17.4 
10/1/2014 13:06 2 amb C 94 17.5 
10/1/2014 13:06 2 amb N 94 17.3 
10/1/2014 13:14 2 wet S 92 17.6 
10/1/2014 13:14 2 wet C 95 17.5 
10/1/2014 13:14 2 wet N 92 17.6 
10/1/2014 13:10 2 dry S 95 17.6 
10/1/2014 13:10 2 dry C 93 17.6 
10/1/2014 13:10 2 dry N 93 17.6 
10/1/2014 13:03 2 ext S 89 17.4 
10/1/2014 13:03 2 ext C 94 17.6 
10/1/2014 13:03 2 ext N 93 17.5 
10/1/2014 13:26 3 ctrl S 25 17.6 
10/1/2014 13:26 3 ctrl C 26 17.6 
10/1/2014 13:26 3 ctrl N 22 17.3 
10/1/2014 13:38 3 amb S 60 17.6 
10/1/2014 13:38 3 amb C 76 17.6 
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10/1/2014 13:38 3 amb N 83 17.7 
10/1/2014 13:29 3 wet S 33 17.6 
10/1/2014 13:29 3 wet C 43 17.6 
10/1/2014 13:29 3 wet N 39 17.5 
10/1/2014 13:33 3 dry S 65 17.6 
10/1/2014 13:33 3 dry C 71 17.7 
10/1/2014 13:33 3 dry N 49 17.7 
10/1/2014 13:42 3 ext S 92 17.6 
10/1/2014 13:42 3 ext C 84 17.2 
10/1/2014 13:42 3 ext N 69 17.3 
10/12/2014 14:00 1 ctrl S 45 15.9 
10/12/2014 14:00 1 ctrl C 64 15.4 
10/12/2014 14:00 1 ctrl N 69 14.7 
10/12/2014 14:20 1 amb S 61 16.5 
10/12/2014 14:20 1 amb C 63 15 
10/12/2014 14:20 1 amb N 51 15.1 
10/12/2014 14:10 1 wet S 53 15.5 
10/12/2014 14:10 1 wet C 42 15.3 
10/12/2014 14:10 1 wet N 46 15.5 
10/12/2014 14:15 1 dry S 52 16 
10/12/2014 14:15 1 dry C 55 15.7 
10/12/2014 14:15 1 dry N 51 15.5 
10/12/2014 14:05 1 ext S 47 15.2 
10/12/2014 14:05 1 ext C 58 15.7 
10/12/2014 14:05 1 ext N 70 15.4 
10/12/2014 12:35 2 ctrl S 88 13.5 
10/12/2014 12:35 2 ctrl C 95 13.3 
10/12/2014 12:35 2 ctrl N 96 13.1 
10/12/2014 13:45 2 amb S 92 14.1 
10/12/2014 13:45 2 amb C 86 14.2 
10/12/2014 13:45 2 amb N 84 14.3 
10/12/2014 13:30 2 wet S 92 14 
10/12/2014 13:30 2 wet C 93 13.7 
10/12/2014 13:30 2 wet N 88 14.1 
10/12/2014 13:40 2 dry S 94 14 
10/12/2014 13:40 2 dry C 93 13.8 
10/12/2014 13:40 2 dry N 96 14 
10/12/2014 13:50 2 ext S 92 14.2 
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10/12/2014 13:50 2 ext C 91 13.9 
10/12/2014 13:50 2 ext N 92 14.1 
10/12/2014 10:45 3 ctrl S 40 13 
10/12/2014 10:45 3 ctrl C 43 13.1 
10/12/2014 10:45 3 ctrl N 38 13.1 
10/12/2014 11:20 3 amb S 86 13.7 
10/12/2014 11:20 3 amb C 86 13.2 
10/12/2014 11:20 3 amb N 84 13.3 
10/12/2014 10:50 3 wet S 46 13.3 
10/12/2014 10:50 3 wet C 45 13.1 
10/12/2014 10:50 3 wet N 43 13.6 
10/12/2014 10:55 3 dry S 75 13.3 
10/12/2014 10:55 3 dry C 70 13.5 
10/12/2014 10:55 3 dry N 60 13.4 
10/12/2014 11:55 3 ext S 88 13.5 
10/12/2014 11:55 3 ext C 87 13.6 
10/12/2014 11:55 3 ext N 85 13.5 
10/19/2014 13:05 1 ctrl S 31 16.7 
10/19/2014 13:05 1 ctrl C 13 16.6 
10/19/2014 13:05 1 ctrl N 32 16 
10/19/2014 13:36 1 amb S 49 16.5 
10/19/2014 13:36 1 amb C 48 16.3 
10/19/2014 13:36 1 amb N 53 15.9 
10/19/2014 13:17 1 wet S 27 16.2 
10/19/2014 13:17 1 wet C 43 16.4 
10/19/2014 13:17 1 wet N 40 16.3 
10/19/2014 13:25 1 dry S 45 16.7 
10/19/2014 13:25 1 dry C 47 16.5 
10/19/2014 13:25 1 dry N 49 16.5 
10/19/2014 13:00 1 ext S 32 16.3 
10/19/2014 13:00 1 ext C 49 16.2 
10/19/2014 13:00 1 ext N 53 16.3 
10/19/2014 12:03 2 ctrl S 83 15.4 
10/19/2014 12:03 2 ctrl C 81 15.5 
10/19/2014 12:03 2 ctrl N 85 15.7 
10/19/2014 12:34 2 amb S 80 15.5 
10/19/2014 12:34 2 amb C 85 15.7 
10/19/2014 12:34 2 amb N 81 15.5 
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10/19/2014 12:19 2 wet S 72 15.5 
10/19/2014 12:19 2 wet C 86 15.2 
10/19/2014 12:19 2 wet N 71 15.1 
10/19/2014 12:25 2 dry S 68 15.6 
10/19/2014 12:25 2 dry C 76 15.2 
10/19/2014 12:25 2 dry N 82 15.7 
10/19/2014 12:39 2 ext S 79 15 
10/19/2014 12:39 2 ext C 83 15.7 
10/19/2014 12:39 2 ext N 84 15.7 
10/19/2014 11:43 3 ctrl S 27 14.9 
10/19/2014 11:43 3 ctrl C 21 15.1 
10/19/2014 11:43 3 ctrl N 16 14.9 
10/19/2014 11:22 3 amb S 46 15.3 
10/19/2014 11:22 3 amb C 43 15.3 
10/19/2014 11:22 3 amb N 26 15.5 
10/19/2014 11:38 3 wet S 32 14.6 
10/19/2014 11:38 3 wet C 40 14.9 
10/19/2014 11:38 3 wet N 32 15 
10/19/2014 11:32 3 dry S 46 15.3 
10/19/2014 11:32 3 dry C 41 15.1 
10/19/2014 11:32 3 dry N 44 15.1 
10/19/2014 11:10 3 ext S 86 15.9 
10/19/2014 11:10 3 ext C 65 15.6 
10/19/2014 11:10 3 ext N 45 15.5 
11/12/2014 14:01 1 ctrl S 48 12.7 
11/12/2014 14:01 1 ctrl C 56 12.7 
11/12/2014 14:01 1 ctrl N 56 12.2 
11/12/2014 13:24 1 amb S 53 12.5 
11/12/2014 13:24 1 amb C 51 12.4 
11/12/2014 13:24 1 amb N 52 12.5 
11/12/2014 13:48 1 wet S 48 12.9 
11/12/2014 13:48 1 wet C 45 12.8 
11/12/2014 13:48 1 wet N 47 12.7 
11/12/2014 13:32 1 dry S 54 12.9 
11/12/2014 13:32 1 dry C 47 13.1 
11/12/2014 13:32 1 dry N 50 12.5 
11/12/2014 13:56 1 ext S 49 12.7 
11/12/2014 13:56 1 ext C 50 12.4 
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11/12/2014 13:56 1 ext N 68 12.5 
11/12/2014 11:52 2 ctrl S 90 10.7 
11/12/2014 11:52 2 ctrl C 88 10.6 
11/12/2014 11:52 2 ctrl N 93 10.7 
11/12/2014 12:11 2 amb S 91 11.2 
11/12/2014 12:11 2 amb C 94 11 
11/12/2014 12:11 2 amb N 84 11.1 
11/12/2014 11:59 2 wet S 96 10.8 
11/12/2014 11:59 2 wet C 93 10.7 
11/12/2014 11:59 2 wet N 92 11.2 
11/12/2014 12:05 2 dry S 88 11.5 
11/12/2014 12:05 2 dry C 91 11.1 
11/12/2014 12:05 2 dry N 92 10.8 
11/12/2014 12:18 2 ext S 95 11 
11/12/2014 12:18 2 ext C 92 11.1 
11/12/2014 12:18 2 ext N 91 11.1 
11/12/2014 11:08 3 ctrl S 46 11.9 
11/12/2014 11:08 3 ctrl C 46 11.8 
11/12/2014 11:08 3 ctrl N 41 11.4 
11/12/2014 10:42 3 amb S 63 10.8 
11/12/2014 10:42 3 amb C 63 11 
11/12/2014 10:42 3 amb N 76 10.7 
11/12/2014 11:03 3 wet S 47 11.9 
11/12/2014 11:03 3 wet C 60 11.6 
11/12/2014 11:03 3 wet N 50 11.5 
11/12/2014 10:54 3 dry S 60 10.9 
11/12/2014 10:54 3 dry C 62 10.9 
11/12/2014 10:54 3 dry N 48 11.3 
11/12/2014 10:37 3 ext S 79 10.7 
11/12/2014 10:37 3 ext C 86 10.6 
11/12/2014 10:37 3 ext N 51 10.8 
11/18/2014 . 1 ctrl S . . 
11/18/2014 . 1 ctrl C . . 
11/18/2014 . 1 ctrl N . . 
11/18/2014 . 1 amb S . . 
11/18/2014 . 1 amb C . . 
11/18/2014 . 1 amb N . . 
11/18/2014 . 1 wet S . . 
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11/18/2014 . 1 wet C . . 
11/18/2014 . 1 wet N . . 
11/18/2014 . 1 dry S . . 
11/18/2014 . 1 dry C . . 
11/18/2014 . 1 dry N . . 
11/18/2014 . 1 ext S . . 
11/18/2014 . 1 ext C . . 
11/18/2014 . 1 ext N . . 
11/18/2014 12:57 2 ctrl S 64 8.3 
11/18/2014 12:57 2 ctrl C 80 8.7 
11/18/2014 12:57 2 ctrl N 88 8.7 
11/18/2014 13:50 2 amb S 82 8.6 
11/18/2014 13:50 2 amb C 90 8.3 
11/18/2014 13:50 2 amb N 95 8.7 
11/18/2014 13:08 2 wet S 83 8.7 
11/18/2014 13:08 2 wet C 78 7.9 
11/18/2014 13:08 2 wet N 51 8.3 
11/18/2014 13:14 2 dry S 75 8.8 
11/18/2014 13:14 2 dry C 74 8.1 
11/18/2014 13:14 2 dry N 87 8.3 
11/18/2014 14:00 2 ext S 92 8.5 
11/18/2014 14:00 2 ext C 96 8.6 
11/18/2014 14:00 2 ext N 94 8.7 
11/18/2014 11:59 3 ctrl S 19 8.2 
11/18/2014 11:59 3 ctrl C 24 8.5 
11/18/2014 11:59 3 ctrl N 31 8.6 
11/18/2014 11:33 3 amb S 43 8.5 
11/18/2014 11:33 3 amb C 40 8.3 
11/18/2014 11:33 3 amb N 33 8.4 
11/18/2014 11:52 3 wet S 21 8.4 
11/18/2014 11:52 3 wet C 35 7.9 
11/18/2014 11:52 3 wet N 30 8.3 
11/18/2014 11:42 3 dry S 40 8.3 
11/18/2014 11:42 3 dry C 34 8.1 
11/18/2014 11:42 3 dry N 28 8.1 
11/18/2014 11:23 3 ext S 92 8.8 
11/18/2014 11:23 3 ext C 83 8.6 
11/18/2014 11:23 3 ext N 32 8.3 
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11/19/2014 9:40 1 ctrl S 27 4.5 
11/19/2014 9:40 1 ctrl C 30 4.4 
11/19/2014 9:40 1 ctrl N 31 4.2 
11/19/2014 10:11 1 amb S 28 4.7 
11/19/2014 10:11 1 amb C 38 4.4 
11/19/2014 10:11 1 amb N 27 4 
11/19/2014 9:52 1 wet S 24 4.4 
11/19/2014 9:52 1 wet C 23 4 
11/19/2014 9:52 1 wet N 20 4.2 
11/19/2014 10:01 1 dry S 28 4.6 
11/19/2014 10:01 1 dry C 29 4.3 
11/19/2014 10:01 1 dry N 31 4.5 
11/19/2014 9:46 1 ext S 28 4.2 
11/19/2014 9:46 1 ext C 26 4 
11/19/2014 9:46 1 ext N 41 3.8 
11/19/2014 13:01 2 ctrl S 74 4.9 
11/19/2014 13:01 2 ctrl C 88 5.6 
11/19/2014 13:01 2 ctrl N 88 6.3 
11/19/2014 13:20 2 amb S 93 5.5 
11/19/2014 13:20 2 amb C 89 5.8 
11/19/2014 13:20 2 amb N 93 6 
11/19/2014 13:03 2 wet S 90 5.8 
11/19/2014 13:03 2 wet C 88 4.6 
11/19/2014 13:03 2 wet N 73 4.2 
11/19/2014 13:05 2 dry S 56 5.1 
11/19/2014 13:05 2 dry C 67 4.7 
11/19/2014 13:05 2 dry N 80 5.5 
11/19/2014 13:30 2 ext S 96 6 
11/19/2014 13:30 2 ext C 92 5.7 
11/19/2014 13:30 2 ext N 96 6.5 
11/19/2014 12:45 3 ctrl S 24 4.3 
11/19/2014 12:45 3 ctrl C 23 4.5 
11/19/2014 12:45 3 ctrl N 25 4.1 
11/19/2014 12:59 3 amb S 37 5 
11/19/2014 12:59 3 amb C 28 3.8 
11/19/2014 12:59 3 amb N 37 5.2 
11/19/2014 12:51 3 wet S 16 4.9 
11/19/2014 12:51 3 wet C 30 2.4 
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11/19/2014 12:51 3 wet N 28 4.3 
11/19/2014 12:55 3 dry S 31 4.7 
11/19/2014 12:55 3 dry C 19 3 
11/19/2014 12:55 3 dry N 41 3 
11/19/2014 13:03 3 ext S 85 6.1 
11/19/2014 13:03 3 ext C 73 4.2 
11/19/2014 13:03 3 ext N 17 4.8 
12/7/2014 . 1 ctrl S . . 
12/7/2014 . 1 ctrl C . . 
12/7/2014 . 1 ctrl N . . 
12/7/2014 . 1 amb S . . 
12/7/2014 . 1 amb C . . 
12/7/2014 . 1 amb N . . 
12/7/2014 . 1 wet S . . 
12/7/2014 . 1 wet C . . 
12/7/2014 . 1 wet N . . 
12/7/2014 . 1 dry S . . 
12/7/2014 . 1 dry C . . 
12/7/2014 . 1 dry N . . 
12/7/2014 . 1 ext S . . 
12/7/2014 . 1 ext C . . 
12/7/2014 . 1 ext N . . 
12/7/2014 10:18 2 ctrl S 91 6.6 
12/7/2014 10:18 2 ctrl C 92 6.6 
12/7/2014 10:18 2 ctrl N 94 6.9 
12/7/2014 10:29 2 amb S 96 6.4 
12/7/2014 10:29 2 amb C 92 6.8 
12/7/2014 10:29 2 amb N 90 6.8 
12/7/2014 10:21 2 wet S 95 6.6 
12/7/2014 10:21 2 wet C 91 6.5 
12/7/2014 10:21 2 wet N 89 6.5 
12/7/2014 10:25 2 dry S 96 6.4 
12/7/2014 10:25 2 dry C 96 6.5 
12/7/2014 10:25 2 dry N 92 6.5 
12/7/2014 10:33 2 ext S 96 6.9 
12/7/2014 10:33 2 ext C 96 6.7 
12/7/2014 10:33 2 ext N 97 6.7 
12/7/2014 10:44 3 ctrl S 35 5.8 
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12/7/2014 10:44 3 ctrl C 34 6.1 
12/7/2014 10:44 3 ctrl N 40 5.9 
12/7/2014 10:53 3 amb S 91 6.2 
12/7/2014 10:53 3 amb C 89 6.1 
12/7/2014 10:53 3 amb N 92 6.1 
12/7/2014 10:47 3 wet S 35 5.9 
12/7/2014 10:47 3 wet C 41 6.1 
12/7/2014 10:47 3 wet N 29 6.1 
12/7/2014 10:49 3 dry S 76 6 
12/7/2014 10:49 3 dry C 60 6.1 
12/7/2014 10:49 3 dry N 41 6 
12/7/2014 10:54 3 ext S 95 6.6 
12/7/2014 10:54 3 ext C 94 6.3 
12/7/2014 10:54 3 ext N 84 6.3 
5/21/2015 11:46 1 ctrl S 86 12.7 
5/21/2015 11:46 1 ctrl C 84 12.6 
5/21/2015 11:46 1 ctrl N 85 12.7 
5/21/2015 11:42 1 amb S 91 12.7 
5/21/2015 11:42 1 amb C 81 12.7 
5/21/2015 11:42 1 amb N 84 12.7 
5/21/2015 12:01 1 wet S 88 12.8 
5/21/2015 12:01 1 wet C 75 12.8 
5/21/2015 12:01 1 wet N 83 12.7 
5/21/2015 12:07 1 dry S 70 12.6 
5/21/2015 12:07 1 dry C 85 12.5 
5/21/2015 12:07 1 dry N 85 12.7 
5/21/2015 11:54 1 ext S 76 12.7 
5/21/2015 11:54 1 ext C 79 12.7 
5/21/2015 11:54 1 ext N 81 12.7 
5/21/2015 10:32 2 ctrl S 91 12.1 
5/21/2015 10:32 2 ctrl C 93 11.9 
5/21/2015 10:32 2 ctrl N 93 11.8 
5/21/2015 10:24 2 amb S 94 12 
5/21/2015 10:24 2 amb C 95 11.9 
5/21/2015 10:24 2 amb N 90 11.9 
5/21/2015 10:50 2 wet S 96 12.1 
5/21/2015 10:50 2 wet C 95 12.1 
5/21/2015 10:50 2 wet N 87 12.3 
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5/21/2015 10:46 2 dry S 83 11.8 
5/21/2015 10:46 2 dry C 91 11.9 
5/21/2015 10:46 2 dry N 91 12.2 
5/21/2015 10:29 2 ext S 95 11.9 
5/21/2015 10:29 2 ext C 93 12 
5/21/2015 10:29 2 ext N 92 12.1 
5/21/2015 9:28 3 ctrl S 92 12.7 
5/21/2015 9:28 3 ctrl C 93 12.2 
5/21/2015 9:28 3 ctrl N 94 12.5 
5/21/2015 9:31 3 amb S 90 12.5 
5/21/2015 9:31 3 amb C 91 12.7 
5/21/2015 9:31 3 amb N 92 12.5 
5/21/2015 9:40 3 wet S 91 12.5 
5/21/2015 9:40 3 wet C 96 12.4 
5/21/2015 9:40 3 wet N 96 13.1 
5/21/2015 9:35 3 dry S 93 12.5 
5/21/2015 9:35 3 dry C 92 12.7 
5/21/2015 9:35 3 dry N 92 13.1 
5/21/2015 9:38 3 ext S 93 12.4 
5/21/2015 9:38 3 ext C 95 12.3 
5/21/2015 9:38 3 ext N 93 12.6 
5/22/2015 11:24 1 ctrl S 81 13.8 
5/22/2015 11:24 1 ctrl C 84 13.2 
5/22/2015 11:24 1 ctrl N 89 13.5 
5/22/2015 11:20 1 amb S 78 13.6 
5/22/2015 11:20 1 amb C 80 13.7 
5/22/2015 11:20 1 amb N 80 13.4 
5/22/2015 11:33 1 wet S 90 13.5 
5/22/2015 11:33 1 wet C 89 13.5 
5/22/2015 11:33 1 wet N 90 13.7 
5/22/2015 11:36 1 dry S 85 13.3 
5/22/2015 11:36 1 dry C 83 13.3 
5/22/2015 11:36 1 dry N 89 13.4 
5/22/2015 11:29 1 ext S 88 13.3 
5/22/2015 11:29 1 ext C 89 13.5 
5/22/2015 11:29 1 ext N 87 13.4 
5/22/2015 10:05 2 ctrl S 84 12.1 
5/22/2015 10:05 2 ctrl C 84 12.1 
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5/22/2015 10:05 2 ctrl N 82 11.8 
5/22/2015 10:25 2 amb S 94 12.3 
5/22/2015 10:25 2 amb C 89 12.3 
5/22/2015 10:25 2 amb N 81 12.2 
5/22/2015 9:45 2 wet S 84 12.3 
5/22/2015 9:45 2 wet C 76 12.3 
5/22/2015 9:45 2 wet N 80 12.7 
5/22/2015 9:56 2 dry S 87 12.2 
5/22/2015 9:56 2 dry C 86 12 
5/22/2015 9:56 2 dry N 89 12.1 
5/22/2015 10:14 2 ext S 77 12.2 
5/22/2015 10:14 2 ext C 76 12.3 
5/22/2015 10:14 2 ext N 89 12.3 
5/22/2015 12:36 3 ctrl S 87 13.8 
5/22/2015 12:36 3 ctrl C 86 12.9 
5/22/2015 12:36 3 ctrl N 80 12.9 
5/22/2015 12:39 3 amb S 84 13.5 
5/22/2015 12:39 3 amb C 83 13.7 
5/22/2015 12:39 3 amb N 86 12.9 
5/22/2015 12:54 3 wet S 92 13.4 
5/22/2015 12:54 3 wet C 93 13.7 
5/22/2015 12:54 3 wet N 93 14.1 
5/22/2015 12:42 3 dry S 89 13.2 
5/22/2015 12:42 3 dry C 88 13.3 
5/22/2015 12:42 3 dry N 96 13.5 
5/22/2015 12:50 3 ext S 91 12.9 
5/22/2015 12:50 3 ext C 91 13.1 
5/22/2015 12:50 3 ext N 90 12.7 
5/28/2015 13:48 1 ctrl S 61 17.8 
5/28/2015 13:48 1 ctrl C 73 17.4 
5/28/2015 13:48 1 ctrl N 74 18 
5/28/2015 13:46 1 amb S 73 17.3 
5/28/2015 13:46 1 amb C 66 17.6 
5/28/2015 13:46 1 amb N 68 16.8 
5/28/2015 13:56 1 wet S 79 17.8 
5/28/2015 13:56 1 wet C 64 18.1 
5/28/2015 13:56 1 wet N 66 18.1 
5/28/2015 13:59 1 dry S 68 17.9 
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5/28/2015 13:59 1 dry C 68 17.7 
5/28/2015 13:59 1 dry N 68 17.7 
5/28/2015 13:52 1 ext S 70 17.6 
5/28/2015 13:52 1 ext C 72 17.7 
5/28/2015 13:52 1 ext N 72 17.4 
5/28/2015 12:20 2 ctrl S 75 17.3 
5/28/2015 12:20 2 ctrl C 76 17.8 
5/28/2015 12:20 2 ctrl N 80 17.4 
5/28/2015 12:24 2 amb S 79 17.7 
5/28/2015 12:24 2 amb C 76 17.9 
5/28/2015 12:24 2 amb N 74 17.6 
5/28/2015 12:17 2 wet S 68 18.2 
5/28/2015 12:17 2 wet C 74 18.8 
5/28/2015 12:17 2 wet N 69 17.9 
5/28/2015 12:19 2 dry S 73 17.6 
5/28/2015 12:19 2 dry C 72 18 
5/28/2015 12:19 2 dry N 73 18.2 
5/28/2015 12:22 2 ext S 72 17.5 
5/28/2015 12:22 2 ext C 75 17.6 
5/28/2015 12:22 2 ext N 76 17.7 
5/28/2015 13:33 3 ctrl S 74 17.8 
5/28/2015 13:33 3 ctrl C 78 17.5 
5/28/2015 13:33 3 ctrl N 89 17.7 
5/28/2015 13:31 3 amb S 78 18 
5/28/2015 13:31 3 amb C 80 18 
5/28/2015 13:31 3 amb N 78 17.5 
5/28/2015 13:23 3 wet S 69 18.2 
5/28/2015 13:23 3 wet C 73 18.3 
5/28/2015 13:23 3 wet N 75 18.3 
5/28/2015 13:28 3 dry S 67 17.5 
5/28/2015 13:28 3 dry C 78 18.2 
5/28/2015 13:28 3 dry N 76 17.9 
5/28/2015 13:26 3 ext S 74 17.4 
5/28/2015 13:26 3 ext C 61 17.9 
5/28/2015 13:26 3 ext N 73 17.6 
6/18/2015 12:25 1 ctrl S 80 17.7 
6/18/2015 12:25 1 ctrl C 96 16.8 
6/18/2015 12:25 1 ctrl N 95 17.9 
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6/18/2015 12:20 1 amb S 84 17.4 
6/18/2015 12:20 1 amb C 85 16.8 
6/18/2015 12:20 1 amb N 88 17.4 
6/18/2015 12:10 1 wet S 89 17.1 
6/18/2015 12:10 1 wet C 88 17.2 
6/18/2015 12:10 1 wet N 92 16.9 
6/18/2015 12:05 1 dry S 89 16.9 
6/18/2015 12:05 1 dry C 91 16.4 
6/18/2015 12:05 1 dry N 89 16.9 
6/18/2015 12:15 1 ext S 92 17.6 
6/18/2015 12:15 1 ext C 96 17 
6/18/2015 12:15 1 ext N 92 17 
6/18/2015 11:10 2 ctrl S 92 16.3 
6/18/2015 11:10 2 ctrl C 91 16.6 
6/18/2015 11:10 2 ctrl N 92 16.7 
6/18/2015 11:00 2 amb S 90 16.1 
6/18/2015 11:00 2 amb C 92 19.7 
6/18/2015 11:00 2 amb N 91 16.4 
6/18/2015 11:20 2 wet S 93 16.6 
6/18/2015 11:20 2 wet C 90 16.4 
6/18/2015 11:20 2 wet N 89 16.9 
6/18/2015 11:15 2 dry S 92 16.7 
6/18/2015 11:15 2 dry C 92 16.7 
6/18/2015 11:15 2 dry N 91 16.6 
6/18/2015 11:05 2 ext S 91 16.5 
6/18/2015 11:05 2 ext C 92 16.5 
6/18/2015 11:05 2 ext N 91 16.5 
6/18/2015 10:25 3 ctrl S 92 17 
6/18/2015 10:25 3 ctrl C 92 16.7 
6/18/2015 10:25 3 ctrl N 92 17.2 
6/18/2015 10:30 3 amb S 95 17.1 
6/18/2015 10:30 3 amb C 96 17.1 
6/18/2015 10:30 3 amb N 95 17.1 
6/18/2015 10:44 3 wet S 95 17.1 
6/18/2015 10:44 3 wet C 96 17 
6/18/2015 10:44 3 wet N 95 17.1 
6/18/2015 10:35 3 dry S 96 17.2 
6/18/2015 10:35 3 dry C 96 17.2 
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6/18/2015 10:35 3 dry N 96 17.8 
6/18/2015 10:38 3 ext S 95 16.7 
6/18/2015 10:38 3 ext C 96 16.8 
6/18/2015 10:38 3 ext N 96 16.8 
6/19/2015 9:00 1 ctrl S 95 17.6 
6/19/2015 9:00 1 ctrl C 96 17.6 
6/19/2015 9:00 1 ctrl N 95 17.9 
6/19/2015 8:50 1 amb S 92 17.7 
6/19/2015 8:50 1 amb C 92 17.3 
6/19/2015 8:50 1 amb N 93 18.1 
6/19/2015 9:05 1 wet S 94 17.6 
6/19/2015 9:05 1 wet C 93 17.6 
6/19/2015 9:05 1 wet N 94 17.6 
6/19/2015 9:10 1 dry S 93 17.3 
6/19/2015 9:10 1 dry C 92 17.6 
6/19/2015 9:10 1 dry N 93 17.4 
6/19/2015 8:55 1 ext S 94 17.6 
6/19/2015 8:55 1 ext C 93 17.7 
6/19/2015 8:55 1 ext N 95 17.5 
6/19/2015 9:25 2 ctrl S 92 17.3 
6/19/2015 9:25 2 ctrl C 95 17.5 
6/19/2015 9:25 2 ctrl N 93 17.2 
6/19/2015 9:35 2 amb S 95 16.8 
6/19/2015 9:35 2 amb C 96 17.2 
6/19/2015 9:35 2 amb N 96 17.1 
6/19/2015 9:15 2 wet S 94 17.3 
6/19/2015 9:15 2 wet C 95 16.8 
6/19/2015 9:15 2 wet N 95 17.4 
6/19/2015 9:20 2 dry S 96 17.3 
6/19/2015 9:20 2 dry C 94 17.5 
6/19/2015 9:20 2 dry N 96 17.6 
6/19/2015 9:30 2 ext S 96 17.1 
6/19/2015 9:30 2 ext C 95 17.7 
6/19/2015 9:30 2 ext N 96 17.3 
6/19/2015 9:40 3 ctrl S 94 17.2 
6/19/2015 9:40 3 ctrl C 92 17.2 
6/19/2015 9:40 3 ctrl N 94 17.2 
6/19/2015 9:45 3 amb S 96 17.3 
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6/19/2015 9:45 3 amb C 96 17.2 
6/19/2015 9:45 3 amb N 93 17.5 
6/19/2015 10:00 3 wet S 94 17.3 
6/19/2015 10:00 3 wet C 96 17.8 
6/19/2015 10:00 3 wet N 97 17.9 
6/19/2015 9:50 3 dry S 93 17.3 
6/19/2015 9:50 3 dry C 94 17.4 
6/19/2015 9:50 3 dry N 94 17.9 
6/19/2015 9:55 3 ext S 95 17.1 
6/19/2015 9:55 3 ext C 96 17.4 
6/19/2015 9:55 3 ext N 95 17.1 
6/26/2015 11:20 1 ctrl S 87 18.5 
6/26/2015 11:20 1 ctrl C 89 18.6 
6/26/2015 11:20 1 ctrl N 85 18.4 
6/26/2015 11:15 1 amb S 87 18.6 
6/26/2015 11:15 1 amb C 86 18.5 
6/26/2015 11:15 1 amb N 81 18.5 
6/26/2015 11:30 1 wet S 92 18.1 
6/26/2015 11:30 1 wet C 94 18.6 
6/26/2015 11:30 1 wet N 88 18.7 
6/26/2015 11:35 1 dry S 90 18 
6/26/2015 11:35 1 dry C 92 18.5 
6/26/2015 11:35 1 dry N 93 18.6 
6/26/2015 11:25 1 ext S 79 18.3 
6/26/2015 11:25 1 ext C 91 18.6 
6/26/2015 11:25 1 ext N 92 18.5 
6/26/2015 11:55 2 ctrl S 82 18.2 
6/26/2015 11:55 2 ctrl C 83 18.3 
6/26/2015 11:55 2 ctrl N 89 18.2 
6/26/2015 12:05 2 amb S 89 17.7 
6/26/2015 12:05 2 amb C 85 18.2 
6/26/2015 12:05 2 amb N 74 17.8 
6/26/2015 11:45 2 wet S 82 17.8 
6/26/2015 11:45 2 wet C 77 18.2 
6/26/2015 11:45 2 wet N 79 18.3 
6/26/2015 11:50 2 dry S 79 18.4 
6/26/2015 11:50 2 dry C 79 18.5 
6/26/2015 11:50 2 dry N 80 18.3 
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6/26/2015 12:00 2 ext S 79 18 
6/26/2015 12:00 2 ext C 83 18.2 
6/26/2015 12:00 2 ext N 80 18.5 
6/26/2015 12:10 3 ctrl S 86 18.5 
6/26/2015 12:10 3 ctrl C 83 18.4 
6/26/2015 12:10 3 ctrl N 82 18.5 
6/26/2015 13:10 3 amb S 86 18.2 
6/26/2015 13:10 3 amb C 84 18.1 
6/26/2015 13:10 3 amb N 85 18.5 
6/26/2015 13:25 3 wet S 88 18.1 
6/26/2015 13:25 3 wet C 84 18.6 
6/26/2015 13:25 3 wet N 89 19.2 
6/26/2015 13:15 3 dry S 82 18.3 
6/26/2015 13:15 3 dry C 86 18.9 
6/26/2015 13:15 3 dry N 83 19.5 
6/26/2015 13:20 3 ext S 79 18 
6/26/2015 13:20 3 ext C 84 18.5 
6/26/2015 13:20 3 ext N 85 18.2 
7/7/2015 9:25 1 ctrl S 94 20.3 
7/7/2015 9:25 1 ctrl C 96 19.7 
7/7/2015 9:25 1 ctrl N 92 20.7 
7/7/2015 9:20 1 amb S 93 20.1 
7/7/2015 9:20 1 amb C 93 20 
7/7/2015 9:20 1 amb N 96 20.2 
7/7/2015 9:35 1 wet S 93 20.7 
7/7/2015 9:35 1 wet C 94 19.9 
7/7/2015 9:35 1 wet N 96 20.2 
7/7/2015 9:40 1 dry S 96 20.1 
7/7/2015 9:40 1 dry C 96 19.8 
7/7/2015 9:40 1 dry N 95 19.9 
7/7/2015 9:30 1 ext S 92 20.5 
7/7/2015 9:30 1 ext C 94 20 
7/7/2015 9:30 1 ext N 95 20.1 
7/7/2015 9:55 2 ctrl S 92 20.1 
7/7/2015 9:55 2 ctrl C 87 20.7 
7/7/2015 9:55 2 ctrl N 88 20.9 
7/7/2015 10:05 2 amb S 94 20.1 
7/7/2015 10:05 2 amb C 94 20.1 
 327 
7/7/2015 10:05 2 amb N 96 20.4 
7/7/2015 9:45 2 wet S 92 20.2 
7/7/2015 9:45 2 wet C 83 20 
7/7/2015 9:45 2 wet N 95 20.3 
7/7/2015 9:50 2 dry S 95 20.3 
7/7/2015 9:50 2 dry C 96 20.2 
7/7/2015 9:50 2 dry N 92 20.6 
7/7/2015 10:00 2 ext S 96 20.4 
7/7/2015 10:00 2 ext C 94 20.6 
7/7/2015 10:00 2 ext N 96 20.7 
7/7/2015 11:10 3 ctrl S 92 20.1 
7/7/2015 11:10 3 ctrl C 93 19.7 
7/7/2015 11:10 3 ctrl N 92 20 
7/7/2015 11:05 3 amb S 92 20 
7/7/2015 11:05 3 amb C 89 20.5 
7/7/2015 11:05 3 amb N 93 20.2 
7/7/2015 10:50 3 wet S 92 20.2 
7/7/2015 10:50 3 wet C 87 20.6 
7/7/2015 10:50 3 wet N 86 20.5 
7/7/2015 11:00 3 dry S 93 20.3 
7/7/2015 11:00 3 dry C 93 20.4 
7/7/2015 11:00 3 dry N 95 20.4 
7/7/2015 10:55 3 ext S 93 20.2 
7/7/2015 10:55 3 ext C 93 21.1 
7/7/2015 10:55 3 ext N 92 20.7 
7/8/2015 10:35 1 ctrl S 91 22.6 
7/8/2015 10:35 1 ctrl C 90 21.6 
7/8/2015 10:35 1 ctrl N 90 22.7 
7/8/2015 10:30 1 amb S 89 21.8 
7/8/2015 10:30 1 amb C 90 21.9 
7/8/2015 10:30 1 amb N 88 22.3 
7/8/2015 10:45 1 wet S 92 22.3 
7/8/2015 10:45 1 wet C 91 21.1 
7/8/2015 10:45 1 wet N 94 21.8 
7/8/2015 10:50 1 dry S 91 21.8 
7/8/2015 10:50 1 dry C 91 21 
7/8/2015 10:50 1 dry N 88 21 
7/8/2015 10:40 1 ext S 92 21.7 
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7/8/2015 10:40 1 ext C 92 21.6 
7/8/2015 10:40 1 ext N 91 22.3 
7/8/2015 11:20 2 ctrl S 89 22.5 
7/8/2015 11:20 2 ctrl C 88 21.8 
7/8/2015 11:20 2 ctrl N 89 21.7 
7/8/2015 11:30 2 amb S 84 20.7 
7/8/2015 11:30 2 amb C 89 21.4 
7/8/2015 11:30 2 amb N 89 21.3 
7/8/2015 11:10 2 wet S 85 21.8 
7/8/2015 11:10 2 wet C 88 22 
7/8/2015 11:10 2 wet N 84 22.2 
7/8/2015 11:15 2 dry S 91 21.7 
7/8/2015 11:15 2 dry C 86 21.6 
7/8/2015 11:15 2 dry N 87 22 
7/8/2015 11:25 2 ext S 86 21.6 
7/8/2015 11:25 2 ext C 90 22.1 
7/8/2015 11:25 2 ext N 87 20.8 
7/8/2015 12:10 3 ctrl S 91 21.5 
7/8/2015 12:10 3 ctrl C 90 21.2 
7/8/2015 12:10 3 ctrl N 95 21.5 
7/8/2015 12:05 3 amb S 93 22 
7/8/2015 12:05 3 amb C 90 21.6 
7/8/2015 12:05 3 amb N 92 21.2 
7/8/2015 11:50 3 wet S 91 21.4 
7/8/2015 11:50 3 wet C 91 21.6 
7/8/2015 11:50 3 wet N 92 22.3 
7/8/2015 12:00 3 dry S 88 21.4 
7/8/2015 12:00 3 dry C 90 21.6 
7/8/2015 12:00 3 dry N 91 21.7 
7/8/2015 11:55 3 ext S 89 21.2 
7/8/2015 11:55 3 ext C 92 21.4 
7/8/2015 11:55 3 ext N 91 21.1 
7/25/2015 10:15 1 ctrl S 96 20.1 
7/25/2015 10:15 1 ctrl C 95 20.1 
7/25/2015 10:15 1 ctrl N 96 20.2 
7/25/2015 10:10 1 amb S 95 19.8 
7/25/2015 10:10 1 amb C 96 20 
7/25/2015 10:10 1 amb N 97 20.1 
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7/25/2015 10:25 1 wet S 96 19.8 
7/25/2015 10:25 1 wet C 96 20.2 
7/25/2015 10:25 1 wet N 95 19.9 
7/25/2015 10:30 1 dry S 96 20 
7/25/2015 10:30 1 dry C 96 20.1 
7/25/2015 10:30 1 dry N 96 19.9 
7/25/2015 10:20 1 ext S 95 20.1 
7/25/2015 10:20 1 ext C 96 20.2 
7/25/2015 10:20 1 ext N 96 20.1 
7/25/2015 12:48 2 ctrl S 90 19.7 
7/25/2015 12:48 2 ctrl C 87 19.8 
7/25/2015 12:48 2 ctrl N 96 19.8 
7/25/2015 12:55 2 amb S 92 19 
7/25/2015 12:55 2 amb C 92 19.5 
7/25/2015 12:55 2 amb N 96 19.2 
7/25/2015 12:40 2 wet S 96 19.2 
7/25/2015 12:40 2 wet C 95 19.6 
7/25/2015 12:40 2 wet N 96 19.6 
7/25/2015 12:45 2 dry S 96 19.4 
7/25/2015 12:45 2 dry C 96 20 
7/25/2015 12:45 2 dry N 96 19.8 
7/25/2015 12:52 2 ext S 93 19.3 
7/25/2015 12:52 2 ext C 91 19.6 
7/25/2015 12:52 2 ext N 96 19.7 
7/25/2015 14:20 3 ctrl S 96 19.6 
7/25/2015 14:20 3 ctrl C 93 19.7 
7/25/2015 14:20 3 ctrl N 94 19.6 
7/25/2015 14:17 3 amb S 96 19.5 
7/25/2015 14:17 3 amb C 96 19.6 
7/25/2015 14:17 3 amb N 96 19.6 
7/25/2015 14:08 3 wet S 96 19.3 
7/25/2015 14:08 3 wet C 92 20.1 
7/25/2015 14:08 3 wet N 92 20.4 
7/25/2015 14:14 3 dry S 96 19.6 
7/25/2015 14:14 3 dry C 95 19.7 
7/25/2015 14:14 3 dry N 93 20.6 
7/25/2015 14:11 3 ext S 87 19.5 
7/25/2015 14:11 3 ext C 89 20 
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7/25/2015 14:11 3 ext N 96 19.8 
8/7/2015 11:09 1 ctrl S 97 20.5 
8/7/2015 11:09 1 ctrl C 96 21 
8/7/2015 11:09 1 ctrl N 94 20.5 
8/7/2015 11:05 1 amb S 96 20.5 
8/7/2015 11:05 1 amb C 96 20.7 
8/7/2015 11:05 1 amb N 94 20.2 
8/7/2015 11:20 1 wet S 95 20.7 
8/7/2015 11:20 1 wet C 96 21 
8/7/2015 11:20 1 wet N 97 21 
8/7/2015 11:25 1 dry S 97 20.4 
8/7/2015 11:25 1 dry C 95 20.7 
8/7/2015 11:25 1 dry N 96 20.8 
8/7/2015 11:15 1 ext S 92 20.8 
8/7/2015 11:15 1 ext C 97 21.1 
8/7/2015 11:15 1 ext N 96 21.2 
8/7/2015 10:03 2 ctrl S 97 19.8 
8/7/2015 10:03 2 ctrl C 96 20.1 
8/7/2015 10:03 2 ctrl N 96 20.2 
8/7/2015 10:10 2 amb S 97 20.1 
8/7/2015 10:10 2 amb C 96 19.8 
8/7/2015 10:10 2 amb N 95 19.8 
8/7/2015 9:55 2 wet S 95 19.9 
8/7/2015 9:55 2 wet C 96 20 
8/7/2015 9:55 2 wet N 96 20.2 
8/7/2015 9:59 2 dry S 96 20.1 
8/7/2015 9:59 2 dry C 96 20.2 
8/7/2015 9:59 2 dry N 94 20.4 
8/7/2015 10:06 2 ext S 96 20.4 
8/7/2015 10:06 2 ext C 97 20.4 
8/7/2015 10:06 2 ext N 96 20.2 
8/7/2015 12:58 3 ctrl S 96 20.5 
8/7/2015 12:58 3 ctrl C 96 20.6 
8/7/2015 12:58 3 ctrl N 97 20.4 
8/7/2015 12:51 3 amb S . . 
8/7/2015 12:51 3 amb C 96 20.9 
8/7/2015 12:51 3 amb N 96 20.7 
8/7/2015 12:20 3 wet S 96 20.1 
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8/7/2015 12:20 3 wet C 94 20.9 
8/7/2015 12:20 3 wet N 96 21.6 
8/7/2015 12:45 3 dry S 97 . 
8/7/2015 12:45 3 dry C 96 20.5 
8/7/2015 12:45 3 dry N 94 21.3 
8/7/2015 12:30 3 ext S 98 20.4 
8/7/2015 12:30 3 ext C 97 20.6 
8/7/2015 12:30 3 ext N 97 20.2 
8/22/2015 10:53 1 ctrl S 96 23 
8/22/2015 10:53 1 ctrl C 96 23.1 
8/22/2015 10:53 1 ctrl N 96 23.2 
8/22/2015 10:43 1 amb S 96 22.7 
8/22/2015 10:43 1 amb C 96 22.6 
8/22/2015 10:43 1 amb N 96 22.8 
8/22/2015 11:15 1 wet S 96 22.4 
8/22/2015 11:15 1 wet C 96 22.3 
8/22/2015 11:15 1 wet N 96 22.6 
8/22/2015 11:07 1 dry S 95 22.8 
8/22/2015 11:07 1 dry C 96 22.9 
8/22/2015 11:07 1 dry N 96 22.9 
8/22/2015 10:57 1 ext S 96 22.9 
8/22/2015 10:57 1 ext C 96 22.8 
8/22/2015 10:57 1 ext N 96 22.8 
8/22/2015 11:28 2 ctrl S 96 21.9 
8/22/2015 11:28 2 ctrl C 96 22.2 
8/22/2015 11:28 2 ctrl N 96 22.5 
8/22/2015 11:20 2 amb S 96 21.8 
8/22/2015 11:20 2 amb C 96 22 
8/22/2015 11:20 2 amb N 96 22.1 
8/22/2015 11:33 2 wet S 96 22 
8/22/2015 11:33 2 wet C 96 22 
8/22/2015 11:33 2 wet N 96 22 
8/22/2015 11:40 2 dry S 96 22.4 
8/22/2015 11:40 2 dry C 96 22.2 
8/22/2015 11:40 2 dry N 96 22.2 
8/22/2015 11:25 2 ext S 96 22.2 
8/22/2015 11:25 2 ext C 96 22.3 
8/22/2015 11:25 2 ext N 96 22.8 
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8/22/2015 12:30 3 ctrl S 96 22.3 
8/22/2015 12:30 3 ctrl C 96 22.2 
8/22/2015 12:30 3 ctrl N 96 22.3 
8/22/2015 12:23 3 amb S 96 22.3 
8/22/2015 12:23 3 amb C 96 22.2 
8/22/2015 12:23 3 amb N 96 22.2 
8/22/2015 12:00 3 wet S 97 21.7 
8/22/2015 12:00 3 wet C 96 22.2 
8/22/2015 12:00 3 wet N 96 22.6 
8/22/2015 12:15 3 dry S 96 23 
8/22/2015 12:15 3 dry C 96 22.2 
8/22/2015 12:15 3 dry N 96 22.3 
8/22/2015 12:10 3 ext S 96 22.1 
8/22/2015 12:10 3 ext C 96 22 
8/22/2015 12:10 3 ext N 96 22.3 
8/23/2015 9:20 1 ctrl S 96 22.2 
8/23/2015 9:20 1 ctrl C 96 22.4 
8/23/2015 9:20 1 ctrl N 96 22.3 
8/23/2015 9:16 1 amb S 96 21.7 
8/23/2015 9:16 1 amb C 96 21.8 
8/23/2015 9:16 1 amb N 96 22.2 
8/23/2015 9:27 1 wet S 96 21.6 
8/23/2015 9:27 1 wet C 96 22 
8/23/2015 9:27 1 wet N 96 22 
8/23/2015 9:31 1 dry S 96 21.6 
8/23/2015 9:31 1 dry C 96 21.8 
8/23/2015 9:31 1 dry N 96 21.9 
8/23/2015 9:24 1 ext S 96 21.9 
8/23/2015 9:24 1 ext C 96 22 
8/23/2015 9:24 1 ext N 96 22 
8/23/2015 11:41 2 ctrl S . 21.2 
8/23/2015 11:41 2 ctrl C . 21.8 
8/23/2015 11:41 2 ctrl N . 22 
8/23/2015 11:48 2 amb S . 21 
8/23/2015 11:48 2 amb C . 21.3 
8/23/2015 11:48 2 amb N . 21.2 
8/23/2015 11:39 2 wet S . 21.1 
8/23/2015 11:39 2 wet C . 21.4 
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8/23/2015 11:39 2 wet N . 21.5 
8/23/2015 11:43 2 dry S . 21.1 
8/23/2015 11:43 2 dry C . 21.4 
8/23/2015 11:43 2 dry N . 21.5 
8/23/2015 11:46 2 ext S . 21.3 
8/23/2015 11:46 2 ext C . 21.4 
8/23/2015 11:46 2 ext N . 21.4 
8/23/2015 13:40 3 ctrl S . 21.8 
8/23/2015 13:40 3 ctrl C . 22 
8/23/2015 13:40 3 ctrl N . 22.1 
8/23/2015 13:34 3 amb S . 21.7 
8/23/2015 13:34 3 amb C . 21.6 
8/23/2015 13:34 3 amb N . 21.8 
8/23/2015 13:18 3 wet S . 22.1 
8/23/2015 13:18 3 wet C . 21.3 
8/23/2015 13:18 3 wet N . 21.3 
8/23/2015 13:30 3 dry S . 21.7 
8/23/2015 13:30 3 dry C . 21.8 
8/23/2015 13:30 3 dry N . 21.6 
8/23/2015 13:25 3 ext S . 21.6 
8/23/2015 13:25 3 ext C . 21.5 
8/23/2015 13:25 3 ext N . 21.9 
9/5/2015 13:39 1 ctrl S 65 20.2 
9/5/2015 13:39 1 ctrl C 69 21 
9/5/2015 13:39 1 ctrl N 83 20.5 
9/5/2015 13:32 1 amb S 94 20.1 
9/5/2015 13:32 1 amb C 86 20.4 
9/5/2015 13:32 1 amb N 68 19.5 
9/5/2015 13:49 1 wet S 61 20.8 
9/5/2015 13:49 1 wet C 53 20.3 
9/5/2015 13:49 1 wet N 69 20.7 
9/5/2015 13:45 1 dry S 71 20.4 
9/5/2015 13:45 1 dry C 80 20.5 
9/5/2015 13:45 1 dry N 66 20.7 
9/5/2015 13:36 1 ext S 85 20.5 
9/5/2015 13:36 1 ext C 90 20.7 
9/5/2015 13:36 1 ext N 90 20.7 
9/5/2015 9:20 2 ctrl S 96 19.2 
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9/5/2015 9:20 2 ctrl C 95 19.8 
9/5/2015 9:20 2 ctrl N 97 19.2 
9/5/2015 9:27 2 amb S 97 19.1 
9/5/2015 9:27 2 amb C 96 20.3 
9/5/2015 9:27 2 amb N 96 19.6 
9/5/2015 9:13 2 wet S 96 20 
9/5/2015 9:13 2 wet C 97 20.3 
9/5/2015 9:13 2 wet N 96 20.3 
9/5/2015 9:16 2 dry S 96 20.1 
9/5/2015 9:16 2 dry C 96 20 
9/5/2015 9:16 2 dry N 96 19.5 
9/5/2015 9:24 2 ext S 96 19.9 
9/5/2015 9:24 2 ext C 97 19.6 
9/5/2015 9:24 2 ext N 95 19.4 
9/5/2015 10:04 3 ctrl S 90 20.4 
9/5/2015 10:04 3 ctrl C 94 20.1 
9/5/2015 10:04 3 ctrl N 96 20.1 
9/5/2015 10:00 3 amb S 93 21 
9/5/2015 10:00 3 amb C 94 20.7 
9/5/2015 10:00 3 amb N 87 20.7 
9/5/2015 9:47 3 wet S 93 20.2 
9/5/2015 9:47 3 wet C 94 20.6 
9/5/2015 9:47 3 wet N 92 21.1 
9/5/2015 9:57 3 dry S 92 21 
9/5/2015 9:57 3 dry C 87 20.6 
9/5/2015 9:57 3 dry N 76 20.7 
9/5/2015 9:53 3 ext S 96 20.7 
9/5/2015 9:53 3 ext C 93 20.5 
9/5/2015 9:53 3 ext N 95 20.6 
10/3/2015 10:14 1 ctrl S 96 14.3 
10/3/2015 10:14 1 ctrl C 96 15.6 
10/3/2015 10:14 1 ctrl N 96.5 15.2 
10/3/2015 10:18 1 amb S 96 15.4 
10/3/2015 10:18 1 amb C 96 15.2 
10/3/2015 10:18 1 amb N 96.5 15.5 
10/3/2015 10:02 1 wet S 96 15.3 
10/3/2015 10:02 1 wet C 97 15.3 
10/3/2015 10:02 1 wet N 96 15.4 
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10/3/2015 9:56 1 dry S 96 14.8 
10/3/2015 9:56 1 dry C 96 15.5 
10/3/2015 9:56 1 dry N 96 14.9 
10/3/2015 10:08 1 ext S 96 15.5 
10/3/2015 10:08 1 ext C 96 15.3 
10/3/2015 10:08 1 ext N 96.5 15.3 
10/3/2015 14:36 2 ctrl S 96 14.9 
10/3/2015 14:36 2 ctrl C 96 15.2 
10/3/2015 14:36 2 ctrl N 96 14.7 
10/3/2015 14:31 2 amb S 96 14.8 
10/3/2015 14:31 2 amb C 96 14.8 
10/3/2015 14:31 2 amb N 96 14.6 
10/3/2015 14:44 2 wet S 96 15 
10/3/2015 14:44 2 wet C 96 15.3 
10/3/2015 14:44 2 wet N 96 14.6 
10/3/2015 14:42 2 dry S 96 14.9 
10/3/2015 14:42 2 dry C 96 14.5 
10/3/2015 14:42 2 dry N 96 15.5 
10/3/2015 14:34 2 ext S 96 14.3 
10/3/2015 14:34 2 ext C 96 14.1 
10/3/2015 14:34 2 ext N 97 15.1 
10/3/2015 12:46 3 ctrl S 96 15.5 
10/3/2015 12:46 3 ctrl C 96 16.1 
10/3/2015 12:46 3 ctrl N 96 15.2 
10/3/2015 12:50 3 amb S 96 15.9 
10/3/2015 12:50 3 amb C 96 15.6 
10/3/2015 12:50 3 amb N 96 16.3 
10/3/2015 13:04 3 wet S 96 15.1 
10/3/2015 13:04 3 wet C 96 16.1 
10/3/2015 13:04 3 wet N 96 15.6 
10/3/2015 12:54 3 dry S 96 15.6 
10/3/2015 12:54 3 dry C 96 16.3 
10/3/2015 12:54 3 dry N 96 16.3 
10/3/2015 12:58 3 ext S 96 15.5 
10/3/2015 12:58 3 ext C 96 16.1 
10/3/2015 12:58 3 ext N 96 15.4 
10/4/2015 10:23 1 ctrl S 96 13.4 
10/4/2015 10:23 1 ctrl C 100 13.9 
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10/4/2015 10:23 1 ctrl N 97 13.1 
10/4/2015 10:20 1 amb S 100 13.7 
10/4/2015 10:20 1 amb C 96 13.9 
10/4/2015 10:20 1 amb N 96 13.2 
10/4/2015 10:32 1 wet S 96 13.1 
10/4/2015 10:32 1 wet C 96 13.1 
10/4/2015 10:32 1 wet N 96 13.7 
10/4/2015 10:35 1 dry S 97 13.6 
10/4/2015 10:35 1 dry C 95 13.3 
10/4/2015 10:35 1 dry N 94 13.8 
10/4/2015 10:28 1 ext S 96 13.9 
10/4/2015 10:28 1 ext C 100 13.5 
10/4/2015 10:28 1 ext N 100 13.7 
10/4/2015 12:55 2 ctrl S 96 13.5 
10/4/2015 12:55 2 ctrl C 94 13.7 
10/4/2015 12:55 2 ctrl N 97 13.2 
10/4/2015 13:05 2 amb S 96 13.2 
10/4/2015 13:05 2 amb C 96 13.4 
10/4/2015 13:05 2 amb N 97 13.2 
10/4/2015 12:40 2 wet S 97 13.2 
10/4/2015 12:40 2 wet C 96 14.1 
10/4/2015 12:40 2 wet N 96 13.1 
10/4/2015 12:50 2 dry S 96 13.3 
10/4/2015 12:50 2 dry C 95 13.5 
10/4/2015 12:50 2 dry N 94 13 
10/4/2015 13:00 2 ext S 96 13.1 
10/4/2015 13:00 2 ext C 96 13.1 
10/4/2015 13:00 2 ext N 97 13.5 
10/4/2015 14:03 3 ctrl S 96 14.3 
10/4/2015 14:03 3 ctrl C 96 14.2 
10/4/2015 14:03 3 ctrl N 96 13.9 
10/4/2015 13:58 3 amb S 97 14.2 
10/4/2015 13:58 3 amb C 96 14.2 
10/4/2015 13:58 3 amb N 96 14.5 
10/4/2015 13:45 3 wet S 97 14 
10/4/2015 13:45 3 wet C 96 14.1 
10/4/2015 13:45 3 wet N 96 14.8 
10/4/2015 13:53 3 dry S 96 14.5 
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10/4/2015 13:53 3 dry C 97 14.9 
10/4/2015 13:53 3 dry N 96 14.3 
10/4/2015 13:50 3 ext S 95 13.8 
10/4/2015 13:50 3 ext C 97 14.3 
10/4/2015 13:50 3 ext N 96 13.4 
10/9/2015 10:28 1 ctrl S 96 11.9 
10/9/2015 10:28 1 ctrl C 96 12.9 
10/9/2015 10:28 1 ctrl N 96 12.1 
10/9/2015 10:30 1 amb S 96 12.9 
10/9/2015 10:30 1 amb C 100 12.7 
10/9/2015 10:30 1 amb N 100 13.1 
10/9/2015 10:18 1 wet S 96 13.5 
10/9/2015 10:18 1 wet C 97 12.7 
10/9/2015 10:18 1 wet N 100 13.1 
10/9/2015 10:13 1 dry S 100 12.8 
10/9/2015 10:13 1 dry C 96 12.8 
10/9/2015 10:13 1 dry N 96 12.7 
10/9/2015 10:25 1 ext S 100 13.1 
10/9/2015 10:25 1 ext C 100 12.7 
10/9/2015 10:25 1 ext N 100 13.1 
10/9/2015 11:48 2 ctrl S 96 11.6 
10/9/2015 11:48 2 ctrl C 97 12.4 
10/9/2015 11:48 2 ctrl N 96 11.9 
10/9/2015 11:40 2 amb S 96 12.6 
10/9/2015 11:40 2 amb C 96 12.5 
10/9/2015 11:40 2 amb N 96 12.7 
10/9/2015 11:58 2 wet S 96 12.7 
10/9/2015 11:58 2 wet C 96 12.6 
10/9/2015 11:58 2 wet N 96 12.8 
10/9/2015 11:55 2 dry S 96 12.7 
10/9/2015 11:55 2 dry C 96 12.6 
10/9/2015 11:55 2 dry N 96 12.9 
10/9/2015 11:46 2 ext S 96 12.2 
10/9/2015 11:46 2 ext C 96 12.6 
10/9/2015 11:46 2 ext N 96 12.6 
10/9/2015 10:52 3 ctrl S 96 11.6 
10/9/2015 10:52 3 ctrl C 96 11.7 
10/9/2015 10:52 3 ctrl N 96 11.3 
 338 
10/9/2015 10:57 3 amb S 96 13 
10/9/2015 10:57 3 amb C 96 12.3 
10/9/2015 10:57 3 amb N 96 13.3 
10/9/2015 11:12 3 wet S 97 12.3 
10/9/2015 11:12 3 wet C 96 12.8 
10/9/2015 11:12 3 wet N 96 12.8 
10/9/2015 11:01 3 dry S 97 12.6 
10/9/2015 11:01 3 dry C 96 13.1 
10/9/2015 11:01 3 dry N 96 13 
10/9/2015 11:06 3 ext S 96 12.7 
10/9/2015 11:06 3 ext C 96 12.5 
10/9/2015 11:06 3 ext N 96 12.5 
10/10/2015 13:23 1 ctrl S . 13.4 
10/10/2015 13:23 1 ctrl C . 13.5 
10/10/2015 13:23 1 ctrl N . 13.5 
10/10/2015 13:20 1 amb S . 13 
10/10/2015 13:20 1 amb C . 13.9 
10/10/2015 13:20 1 amb N . 13.2 
10/10/2015 13:31 1 wet S . 14 
10/10/2015 13:31 1 wet C . 13.2 
10/10/2015 13:31 1 wet N . 14.1 
10/10/2015 13:35 1 dry S . 13.4 
10/10/2015 13:35 1 dry C . 13.3 
10/10/2015 13:35 1 dry N . 13.7 
10/10/2015 13:28 1 ext S . 13.5 
10/10/2015 13:28 1 ext C . 13.9 
10/10/2015 13:28 1 ext N . 13.7 
10/10/2015 12:26 2 ctrl S . 12.5 
10/10/2015 12:26 2 ctrl C . 12.7 
10/10/2015 12:26 2 ctrl N . 13 
10/10/2015 12:35 2 amb S . 12.3 
10/10/2015 12:35 2 amb C . 13.1 
10/10/2015 12:35 2 amb N . 12.7 
10/10/2015 12:00 2 wet S 96 13.3 
10/10/2015 12:00 2 wet C . 13.2 
10/10/2015 12:00 2 wet N . 13.7 
10/10/2015 12:05 2 dry S . 13.3 
10/10/2015 12:05 2 dry C . 13.3 
 339 
10/10/2015 12:05 2 dry N . 12.1 
10/10/2015 12:30 2 ext S . 12.9 
10/10/2015 12:30 2 ext C . 13.1 
10/10/2015 12:30 2 ext N . 13.6 
10/10/2015 9:23 3 ctrl S 97 13.2 
10/10/2015 9:23 3 ctrl C 96 13.5 
10/10/2015 9:23 3 ctrl N 96 13.2 
10/10/2015 9:21 3 amb S 91 13.7 
10/10/2015 9:21 3 amb C 95 13.1 
10/10/2015 9:21 3 amb N 96 13.8 
10/10/2015 9:10 3 wet S 96 13.3 
10/10/2015 9:10 3 wet C 96 14.1 
10/10/2015 9:10 3 wet N 96 13.8 
10/10/2015 9:18 3 dry S 96 13.7 
10/10/2015 9:18 3 dry C 96 13.8 
10/10/2015 9:18 3 dry N 96 14.1 
10/10/2015 9:15 3 ext S 96 13.6 
10/10/2015 9:15 3 ext C 96 14 
10/10/2015 9:15 3 ext N 96 13.8 
11/7/2015 11:35 1 amb S . 12.2 
11/7/2015 11:35 1 amb C . 12.3 
11/7/2015 11:35 1 amb N . 12.3 
11/7/2015 11:38 1 ctrl S . 11.9 
11/7/2015 11:38 1 ctrl C . 12.1 
11/7/2015 11:38 1 ctrl N . 12 
11/7/2015 11:44 1 ext S . 12.7 
11/7/2015 11:44 1 ext C . 12.7 
11/7/2015 11:44 1 ext N . 12.4 
11/7/2015 11:48 1 wet S . 12.7 
11/7/2015 11:48 1 wet C . 12.4 
11/7/2015 11:48 1 wet N . 12.5 
11/7/2015 11:54 1 dry S . 12.7 
11/7/2015 11:54 1 dry C . 12.6 
11/7/2015 11:54 1 dry N . 12.5 
11/7/2015 12:40 2 amb S . 12.7 
11/7/2015 12:40 2 amb C . 12.8 
11/7/2015 12:40 2 amb N . 12.4 
11/7/2015 12:45 2 ext S . 12.6 
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11/7/2015 12:45 2 ext C . 12.7 
11/7/2015 12:45 2 ext N . 12.7 
11/7/2015 12:53 2 ctrl S . 11.8 
11/7/2015 12:53 2 ctrl C . 12.3 
11/7/2015 12:53 2 ctrl N . 12 
11/7/2015 12:56 2 dry S . 12.6 
11/7/2015 12:56 2 dry C . 12.7 
11/7/2015 12:56 2 dry N . 12.3 
11/7/2015 13:04 2 wet S . 12.7 
11/7/2015 13:04 2 wet C . 12.6 
11/7/2015 13:04 2 wet N . 12.3 
11/7/2015 13:22 3 ctrl S . 12 
11/7/2015 13:22 3 ctrl C . 11.9 
11/7/2015 13:22 3 ctrl N . 11.9 
11/7/2015 13:24 3 amb S . 12.9 
11/7/2015 13:24 3 amb C . 12.7 
11/7/2015 13:24 3 amb N . 12.7 
11/7/2015 13:35 3 dry S . 12.9 
11/7/2015 13:35 3 dry C . 12.8 
11/7/2015 13:35 3 dry N . 13 
11/7/2015 13:40 3 ext S . 12.7 
11/7/2015 13:40 3 ext C . 12.7 
11/7/2015 13:40 3 ext N . 12.8 
11/7/2015 13:50 3 wet S . 12.9 
11/7/2015 13:50 3 wet C . 12.7 
11/7/2015 13:50 3 wet N . 12.9 
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Table G.6 Salinity and pH data for Chapter 3 
Date Block Treatment pH Salinity 
5/29/2014 1 ctrl 6.53 33.1 
5/29/2014 1 amb 6.39 31.9 
5/29/2014 1 wet 6.46 32.8 
5/29/2014 1 dry 6.54 32.8 
5/29/2014 1 ext 6.51 32.8 
5/29/2014 2 ctrl 6.06 23.1 
5/29/2014 2 amb 5.83 20.99 
5/29/2014 2 wet 6.16 20.39 
5/29/2014 2 dry 6.07 28.6 
5/29/2014 2 ext 5.67 22.1 
5/29/2014 3 ctrl 6.63 33.3 
5/29/2014 3 amb 6.24 27.3 
5/29/2014 3 wet 6.5 33.1 
5/29/2014 3 dry 6.21 30.8 
5/29/2014 3 ext 6.34 28.5 
6/9/2014 1 ctrl 6.58 32.5 
6/9/2014 1 amb 6.52 31.6 
6/9/2014 1 wet 7.05 31.9 
6/9/2014 1 dry 6.77 31.9 
6/9/2014 1 ext 6.7 32.3 
6/9/2014 2 ctrl 6.43 23.1 
6/9/2014 2 amb 6.16 21.9 
6/9/2014 2 wet 7.1 21.9 
6/9/2014 2 dry 6.74 26.3 
6/9/2014 2 ext 6.22 22.1 
6/9/2014 3 ctrl . . 
6/9/2014 3 amb . . 
6/9/2014 3 wet . . 
6/9/2014 3 dry . . 
6/9/2014 3 ext . . 
6/19/2014 1 ctrl . . 
6/19/2014 1 amb . . 
6/19/2014 1 wet . . 
6/19/2014 1 dry . . 
6/19/2014 1 ext . . 
6/19/2014 2 ctrl . . 
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6/19/2014 2 amb . . 
6/19/2014 2 wet . . 
6/19/2014 2 dry . . 
6/19/2014 2 ext . . 
6/19/2014 3 ctrl . . 
6/19/2014 3 amb . . 
6/19/2014 3 wet . . 
6/19/2014 3 dry . . 
6/19/2014 3 ext . . 
6/27/2014 1 ctrl 6.73 30.8 
6/27/2014 1 amb 6.93 32.1 
6/27/2014 1 wet 6.77 33.1 
6/27/2014 1 dry 6.62 32.4 
6/27/2014 1 ext 6.79 31.9 
6/27/2014 2 ctrl 6.12 27.2 
6/27/2014 2 amb 6.28 26.6 
6/27/2014 2 wet 6.17 23.2 
6/27/2014 2 dry 6.21 32.9 
6/27/2014 2 ext 6.14 26.3 
6/27/2014 3 ctrl 6.64 35.9 
6/27/2014 3 amb 6.35 34.3 
6/27/2014 3 wet 6.56 34.8 
6/27/2014 3 dry 6.51 34.8 
6/27/2014 3 ext 6.72 32.1 
7/7/2014 1 ctrl 6.85 30.8 
7/7/2014 1 amb 6.45 28 
7/7/2014 1 wet 6.83 13.93 
7/7/2014 1 dry 6.5 26 
7/7/2014 1 ext 6.83 21.66 
7/7/2014 2 ctrl 6.55 26.6 
7/7/2014 2 amb 6.38 22.9 
7/7/2014 2 wet 6.19 23.9 
7/7/2014 2 dry 6.09 28.5 
7/7/2014 2 ext 6.85 26.2 
7/7/2014 3 ctrl . . 
7/7/2014 3 amb 6.76 15.3 
7/7/2014 3 wet . . 
7/7/2014 3 dry 7.01 4.15 
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7/7/2014 3 ext 6.37 13.4 
7/18/2014 1 ctrl 6.94 26 
7/18/2014 1 amb 7.43 26.8 
7/18/2014 1 wet 6.98 25.8 
7/18/2014 1 dry 6.97 24.2 
7/18/2014 1 ext 6.92 29.2 
7/18/2014 2 ctrl 6.58 25 
7/18/2014 2 amb 6.48 23.9 
7/18/2014 2 wet 6.45 17.49 
7/18/2014 2 dry 6.39 21.75 
7/18/2014 2 ext 6.4 26.8 
7/18/2014 3 ctrl 6.7 21.9 
7/18/2014 3 amb 6.61 26 
7/18/2014 3 wet 6.59 25.1 
7/18/2014 3 dry 6.71 18.9 
7/18/2014 3 ext 6.74 25 
8/5/2014 1 ctrl . . 
8/5/2014 1 amb . . 
8/5/2014 1 wet . . 
8/5/2014 1 dry . . 
8/5/2014 1 ext . . 
8/5/2014 2 ctrl . . 
8/5/2014 2 amb . . 
8/5/2014 2 wet . . 
8/5/2014 2 dry . . 
8/5/2014 2 ext . . 
8/5/2014 3 ctrl . . 
8/5/2014 3 amb . . 
8/5/2014 3 wet . . 
8/5/2014 3 dry . . 
8/5/2014 3 ext . . 
8/15/2014 1 ctrl . . 
8/15/2014 1 amb . . 
8/15/2014 1 wet . . 
8/15/2014 1 dry . . 
8/15/2014 1 ext . . 
8/15/2014 2 ctrl 6.49 25.1 
8/15/2014 2 amb 7.75 27.3 
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8/15/2014 2 wet 6.45 29.7 
8/15/2014 2 dry 6.4 30.1 
8/15/2014 2 ext 6.16 29.9 
8/15/2014 3 ctrl . . 
8/15/2014 3 amb . . 
8/15/2014 3 wet . . 
8/15/2014 3 dry . . 
8/15/2014 3 ext . . 
8/25/2014 1 ctrl 6.68 27.3 
8/25/2014 1 amb 6.68 31.8 
8/25/2014 1 wet 6.78 31.3 
8/25/2014 1 dry 6.62 31.4 
8/25/2014 1 ext 6.71 31.3 
8/25/2014 2 ctrl 6.29 26.3 
8/25/2014 2 amb 6.49 27.1 
8/25/2014 2 wet 6.24 27.5 
8/25/2014 2 dry 6.44 26.1 
8/25/2014 2 ext 5.94 31 
8/25/2014 3 ctrl . . 
8/25/2014 3 amb 6.36 28.1 
8/25/2014 3 wet . . 
8/25/2014 3 dry 6.82 29.2 
8/25/2014 3 ext 7.49 31.9 
9/14/2014 1 ctrl 7.07 32 
9/14/2014 1 amb 7.1 31.7 
9/14/2014 1 wet 7.25 31.6 
9/14/2014 1 dry 7 31.2 
9/14/2014 1 ext 7.04 32.2 
9/14/2014 2 ctrl 6.82 27.8 
9/14/2014 2 amb 6.32 30.7 
9/14/2014 2 wet 6.44 28.6 
9/14/2014 2 dry 6.45 33.3 
9/14/2014 2 ext 6.19 33.3 
9/14/2014 3 ctrl 6.8 33.3 
9/14/2014 3 amb 6.59 35.1 
9/14/2014 3 wet 6.76 32.8 
9/14/2014 3 dry 6.65 31 
9/14/2014 3 ext 6.92 31.7 
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9/21/2014 1 ctrl 6.82 33 
9/21/2014 1 amb 6.71 31.9 
9/21/2014 1 wet . . 
9/21/2014 1 dry . . 
9/21/2014 1 ext 7.11 31.2 
9/21/2014 2 ctrl . . 
9/21/2014 2 amb . . 
9/21/2014 2 wet . . 
9/21/2014 2 dry . . 
9/21/2014 2 ext . . 
9/21/2014 3 ctrl . . 
9/21/2014 3 amb . . 
9/21/2014 3 wet . . 
9/21/2014 3 dry . . 
9/21/2014 3 ext . . 
10/1/2014 1 ctrl 6.96 28.3 
10/1/2014 1 amb 7.3 13.95 
10/1/2014 1 wet 6.98 2.7 
10/1/2014 1 dry 6.91 32.7 
10/1/2014 1 ext 7.03 22.4 
10/1/2014 2 ctrl 6.54 12.1 
10/1/2014 2 amb 6.55 12.72 
10/1/2014 2 wet 6.57 13.77 
10/1/2014 2 dry 6.36 27 
10/1/2014 2 ext 6.41 27.8 
10/1/2014 3 ctrl 7.44 4.86 
10/1/2014 3 amb 6.55 17.12 
10/1/2014 3 wet 7.13 9.19 
10/1/2014 3 dry 6.82 31.3 
10/1/2014 3 ext 7.05 3.48 
10/13/2014 1 ctrl 7.23 28.7 
10/13/2014 1 amb 7.26 27.8 
10/13/2014 1 wet 7.41 28 
10/13/2014 1 dry 6.92 24 
10/13/2014 1 ext 7.04 31.3 
10/13/2014 2 ctrl 6.84 28.8 
10/13/2014 2 amb 7.02 29.7 
10/13/2014 2 wet 7.08 25 
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10/13/2014 2 dry 6.39 23.8 
10/13/2014 2 ext 6.54 21.9 
10/13/2014 3 ctrl 6.95 24.8 
10/13/2014 3 amb 6.76 26.1 
10/13/2014 3 wet 6.82 17.8 
10/13/2014 3 dry 6.74 24 
10/13/2014 3 ext 6.83 20.75 
10/19/2014 1 ctrl . . 
10/19/2014 1 amb . . 
10/19/2014 1 wet . . 
10/19/2014 1 dry . . 
10/19/2014 1 ext . . 
10/19/2014 2 ctrl . . 
10/19/2014 2 amb 6.58 30 
10/19/2014 2 wet 6.51 23.2 
10/19/2014 2 dry 6.38 25.9 
10/19/2014 2 ext 6.35 29.3 
10/19/2014 3 ctrl . . 
10/19/2014 3 amb 6.5 30 
10/19/2014 3 wet . . 
10/19/2014 3 dry . . 
10/19/2014 3 ext . . 
11/11/2014 1 ctrl 7.43 33.6 
11/11/2014 1 amb 7.21 29.7 
11/11/2014 1 wet 7.29 30.7 
11/11/2014 1 dry 7.19 29.4 
11/11/2014 1 ext 7.47 31.1 
11/11/2014 2 ctrl . . 
11/11/2014 2 amb . . 
11/11/2014 2 wet . . 
11/11/2014 2 dry . . 
11/11/2014 2 ext . . 
11/11/2014 3 ctrl . . 
11/11/2014 3 amb . . 
11/11/2014 3 wet . . 
11/11/2014 3 dry . . 
11/11/2014 3 ext . . 
11/18/2014 1 ctrl 6.96 26.2 
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11/18/2014 1 amb 6.94 31.8 
11/18/2014 1 wet 7.07 28.4 
11/18/2014 1 dry 6.95 30.7 
11/18/2014 1 ext 7.02 31.1 
11/18/2014 2 ctrl 6.56 29.2 
11/18/2014 2 amb 6.6 23.8 
11/18/2014 2 wet 6.72 18.53 
11/18/2014 2 dry 7.28 25.7 
11/18/2014 2 ext 6.58 22.4 
11/18/2014 3 ctrl . . 
11/18/2014 3 amb 6.61 31 
11/18/2014 3 wet . . 
11/18/2014 3 dry 6.8 25.8 
11/18/2014 3 ext 6.71 29.3 
12/7/2014 1 ctrl 7.25 26.4 
12/7/2014 1 amb 7.23 26.7 
12/7/2014 1 wet 7.28 30.4 
12/7/2014 1 dry 7.28 31.3 
12/7/2014 1 ext 7.25 29.1 
12/7/2014 2 ctrl 6.55 17.7 
12/7/2014 2 amb 6.88 15.01 
12/7/2014 2 wet 6.78 15.43 
12/7/2014 2 dry 6.81 16.88 
12/7/2014 2 ext 6.62 19.82 
12/7/2014 3 ctrl 7.11 25.8 
12/7/2014 3 amb 6.68 22.4 
12/7/2014 3 wet 6.96 21.78 
12/7/2014 3 dry 6.64 21.19 
12/7/2014 3 ext 7.23 10.17 
5/21/2015 1 ctrl 6.83 22.8 
5/21/2015 1 amb 7.01 18.97 
5/21/2015 1 wet 6.96 21.91 
5/21/2015 1 dry 7.17 20.38 
5/21/2015 1 ext 6.89 23.4 
5/21/2015 2 ctrl 7.09 21.74 
5/21/2015 2 amb 6.99 23.8 
5/21/2015 2 wet 6.93 19.41 
5/21/2015 2 dry 6.91 17.91 
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5/21/2015 2 ext 7.04 23.7 
5/21/2015 3 ctrl 7.22 21.78 
5/21/2015 3 amb 7.35 22.4 
5/21/2015 3 wet 7.93 18.03 
5/21/2015 3 dry 7.02 20.86 
5/21/2015 3 ext 7.03 20.16 
5/28/2015 1 ctrl 7.34 22.7 
5/28/2015 1 amb 7.5 19 
5/28/2015 1 wet 7.6 23 
5/28/2015 1 dry 7.56 23 
5/28/2015 1 ext 7.69 26 
5/28/2015 2 ctrl 7.13 22.4 
5/28/2015 2 amb 7.35 22.7 
5/28/2015 2 wet 7.18 16.15 
5/28/2015 2 dry 7.12 16.88 
5/28/2015 2 ext 7.44 26 
5/28/2015 3 ctrl 7.13 23.3 
5/28/2015 3 amb 7.16 22.7 
5/28/2015 3 wet 7.63 24 
5/28/2015 3 dry 7.63 25 
5/28/2015 3 ext 7.65 24 
6/18/2015 1 ctrl 6.82 23 
6/18/2015 1 amb 6.58 19.94 
6/18/2015 1 wet 6.38 21.62 
6/18/2015 1 dry 6.5 20.95 
6/18/2015 1 ext 7.04 23.7 
6/18/2015 2 ctrl 7.16 20.3 
6/18/2015 2 amb 7.12 18.69 
6/18/2015 2 wet 7 17.98 
6/18/2015 2 dry 6.95 19.24 
6/18/2015 2 ext 7.09 20.86 
6/18/2015 3 ctrl 6.96 20.39 
6/18/2015 3 amb 7.29 22 
6/18/2015 3 wet 7.21 21.24 
6/18/2015 3 dry 7.43 21.51 
6/18/2015 3 ext 6.72 21.87 
6/26/2015 1 ctrl 6.78 19.21 
6/26/2015 1 amb 6.72 19.85 
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6/26/2015 1 wet 7.05 20.5 
6/26/2015 1 dry 6.87 19.93 
6/26/2015 1 ext 7.88 21.43 
6/26/2015 2 ctrl 6.8 21.04 
6/26/2015 2 amb 6.98 20.62 
6/26/2015 2 wet 6.62 16.68 
6/26/2015 2 dry 6.56 17.03 
6/26/2015 2 ext 6.95 24.7 
6/26/2015 3 ctrl 6.69 21.13 
6/26/2015 3 amb 7 21.2 
6/26/2015 3 wet 6.89 22.3 
6/26/2015 3 dry 7.73 22.7 
6/26/2015 3 ext 7.05 21.9 
7/7/2015 1 ctrl 6.9 19.51 
7/7/2015 1 amb 6.9 18.14 
7/7/2015 1 wet 6.65 18.82 
7/7/2015 1 dry 6.44 18.27 
7/7/2015 1 ext 6.71 19.6 
7/7/2015 2 ctrl 7.01 21.19 
7/7/2015 2 amb 6.93 19 
7/7/2015 2 wet 6.75 16.57 
7/7/2015 2 dry 6.73 17.63 
7/7/2015 2 ext 6.81 19.42 
7/7/2015 3 ctrl 6.7 19.6 
7/7/2015 3 amb 6.48 18.61 
7/7/2015 3 wet 6.86 19.34 
7/7/2015 3 dry 6.69 20.48 
7/7/2015 3 ext 6.65 20.02 
7/25/2015 1 ctrl 7.79 21.71 
7/25/2015 1 amb 7.93 19.43 
7/25/2015 1 wet 7.57 21.22 
7/25/2015 1 dry 7.62 21.47 
7/25/2015 1 ext 8.01 21.96 
7/25/2015 2 ctrl 7.28 22.7 
7/25/2015 2 amb 7.37 21.22 
7/25/2015 2 wet 7.24 18.06 
7/25/2015 2 dry 7.25 18.04 
7/25/2015 2 ext 7.25 24.7 
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7/25/2015 3 ctrl 7.35 22.5 
7/25/2015 3 amb 7.23 21.85 
7/25/2015 3 wet 7.52 19.7 
7/25/2015 3 dry 7.52 24.1 
7/25/2015 3 ext 6.35 21.65 
8/7/2015 1 ctrl 7.29 20.08 
8/7/2015 1 amb 6.57 23.9 
8/7/2015 1 wet 6.58 28.2 
8/7/2015 1 dry 6.86 24.5 
8/7/2015 1 ext 6.58 25.5 
8/7/2015 2 ctrl 6.64 19.83 
8/7/2015 2 amb 6.86 23.4 
8/7/2015 2 wet 6.58 18.48 
8/7/2015 2 dry 6.45 20.15 
8/7/2015 2 ext 6.78 26.2 
8/7/2015 3 ctrl 6.7 22.8 
8/7/2015 3 amb 7.27 25.3 
8/7/2015 3 wet 6.48 25.8 
8/7/2015 3 dry 6.94 23.7 
8/7/2015 3 ext 6.61 23.7 
8/22/2015 1 ctrl 7.64 21.6 
8/22/2015 1 amb 7.3 24.2 
8/22/2015 1 wet 7.02 20.33 
8/22/2015 1 dry 7.09 25.2 
8/22/2015 1 ext 6.78 24.1 
8/22/2015 2 ctrl 6.87 22.5 
8/22/2015 2 amb 7.15 21 
8/22/2015 2 wet 6.8 20.18 
8/22/2015 2 dry 7.25 22.3 
8/22/2015 2 ext 7.26 23.6 
8/22/2015 3 ctrl 7.37 22.7 
8/22/2015 3 amb 7.32 24.6 
8/22/2015 3 wet 7 23.2 
8/22/2015 3 dry 7.69 26.5 
8/22/2015 3 ext 7.06 25.1 
9/5/2015 1 ctrl 6.75 24.4 
9/5/2015 1 amb 6.79 27.8 
9/5/2015 1 wet 6.83 28.4 
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9/5/2015 1 dry 6.76 25 
9/5/2015 1 ext 6.78 26.2 
9/5/2015 2 ctrl 6.76 25.2 
9/5/2015 2 amb 6.79 26.6 
9/5/2015 2 wet 6.71 22.9 
9/5/2015 2 dry 6.8 28.3 
9/5/2015 2 ext 6.72 24.7 
9/5/2015 3 ctrl 6.91 27.1 
9/5/2015 3 amb 6.94 25.8 
9/5/2015 3 wet 6.97 26.1 
9/5/2015 3 dry 7.01 27.9 
9/5/2015 3 ext 7.04 28.8 
10/3/2015 1 ctrl 7.39 25.8 
10/3/2015 1 amb 6.96 27.3 
10/3/2015 1 wet 7.06 23.6 
10/3/2015 1 dry 6.95 26.5 
10/3/2015 1 ext 7.04 26.6 
10/3/2015 2 ctrl 6.69 26.9 
10/3/2015 2 amb 6.74 25.1 
10/3/2015 2 wet 6.63 25.5 
10/3/2015 2 dry 6.59 24.7 
10/3/2015 2 ext 6.72 26.3 
10/3/2015 3 ctrl 6.9 27.6 
10/3/2015 3 amb 6.87 26.2 
10/3/2015 3 wet 6.76 29.6 
10/3/2015 3 dry 6.78 28.7 
10/3/2015 3 ext 6.85 26.7 
10/10/2015 1 ctrl 7.02 26.4 
10/10/2015 1 amb 6.7 23.4 
10/10/2015 1 wet 7.13 25.2 
10/10/2015 1 dry 6.82 23.6 
10/10/2015 1 ext 6.78 26.1 
10/10/2015 2 ctrl 6.68 25.3 
10/10/2015 2 amb 6.69 23.9 
10/10/2015 2 wet 6.44 24.8 
10/10/2015 2 dry 6.61 25 
10/10/2015 2 ext 6.64 27.1 
10/10/2015 3 ctrl 6.78 27.5 
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10/10/2015 3 amb 6.7 24.4 
10/10/2015 3 wet 6.77 24.1 
10/10/2015 3 dry 6.43 27.2 
10/10/2015 3 ext 6.93 27.2 
11/7/2015 1 ctrl 7.85 24.3 
11/7/2015 1 amb 7.59 26.8 
11/7/2015 1 wet 6.89 24.3 
11/7/2015 1 dry 7.29 24.7 
11/7/2015 1 ext 7.84 24.9 
11/7/2015 2 ctrl 6.86 22.8 
11/7/2015 2 amb 6.81 24.6 
11/7/2015 2 wet 6.86 26.3 
11/7/2015 2 dry 6.82 25.3 
11/7/2015 2 ext 6.26 26.7 
11/7/2015 3 ctrl 6.86 25.2 
11/7/2015 3 amb 6.99 25.4 
11/7/2015 3 wet 6.79 25.3 
11/7/2015 3 dry 7.16 25.7 
11/7/2015 3 ext 7.12 26.5 
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Table G.7 Dissolved inorganic nutrient data for Chapter 3 
Date Block Treatment 
NH4
+ NO2
- NOx DIP NO3
- DSi 
 µmol L-1 
5/29/2014 1 ctrl . . . . . . 
5/29/2014 1 amb . . . . . . 
5/29/2014 1 wet . . . . . . 
5/29/2014 1 dry . . . . . . 
5/29/2014 1 ext . . . . . . 
5/29/2014 2 ctrl . . . . . . 
5/29/2014 2 amb . . . . . . 
5/29/2014 2 wet . . . . . . 
5/29/2014 2 dry . . . . . . 
5/29/2014 2 ext . . . . . . 
5/29/2014 3 ctrl . . . . . . 
5/29/2014 3 amb . . . . . . 
5/29/2014 3 wet . . . . . . 
5/29/2014 3 dry . . . . . . 
5/29/2014 3 ext . . . . . . 
6/9/2014 1 ctrl . . . . . . 
6/9/2014 1 amb . . . . . . 
6/9/2014 1 wet . . . . . . 
6/9/2014 1 dry . . . . . . 
6/9/2014 1 ext . . . . . . 
6/9/2014 2 ctrl . . . . . . 
6/9/2014 2 amb . . . . . . 
6/9/2014 2 wet . . . . . . 
6/9/2014 2 dry . . . . . . 
6/9/2014 2 ext . . . . . . 
6/9/2014 3 ctrl . . . . . . 
6/9/2014 3 amb . . . . . . 
6/9/2014 3 wet . . . . . . 
6/9/2014 3 dry . . . . . . 
6/9/2014 3 ext . . . . . . 
6/19/2014 1 ctrl . . . . . . 
6/19/2014 1 amb . . . . . . 
6/19/2014 1 wet . . . . . . 
6/19/2014 1 dry . . . . . . 
6/19/2014 1 ext . . . . . . 
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6/19/2014 2 ctrl . . . . . . 
6/19/2014 2 amb . . . . . . 
6/19/2014 2 wet . . . . . . 
6/19/2014 2 dry . . . . . . 
6/19/2014 2 ext . . . . . . 
6/19/2014 3 ctrl . . . . . . 
6/19/2014 3 amb . . . . . . 
6/19/2014 3 wet . . . . . . 
6/19/2014 3 dry . . . . . . 
6/19/2014 3 ext . . . . . . 
7/7/2014 1 ctrl . . . . . . 
7/7/2014 1 amb . . . . . . 
7/7/2014 1 wet . . . . . . 
7/7/2014 1 dry . . . . . . 
7/7/2014 1 ext . . . . . . 
7/7/2014 2 ctrl . . . . . . 
7/7/2014 2 amb . . . . . . 
7/7/2014 2 wet . . . . . . 
7/7/2014 2 dry . . . . . . 
7/7/2014 2 ext . . . . . . 
7/7/2014 3 ctrl . . . . . . 
7/7/2014 3 amb . . . . . . 
7/7/2014 3 wet . . . . . . 
7/7/2014 3 dry . . . . . . 
7/7/2014 3 ext . . . . . . 
7/18/2014 1 ctrl 1.15 0.03 0.17 0.14 0.13 . 
7/18/2014 1 amb 2.01 0.05 0.78 0.14 0.69 . 
7/18/2014 1 wet 2.86 0.03 . 0.08 . . 
7/18/2014 1 dry 0.77 0.03 . 0.11 . . 
7/18/2014 1 ext 1.57 0.02 0.72 0.06 0.71 . 
7/18/2014 2 ctrl 2.07 0.07 1.26 0.70 1.20 . 
7/18/2014 2 amb 25.08 0.13 1.05 0.18 0.96 . 
7/18/2014 2 wet 1.78 0.04 . 0.09 . . 
7/18/2014 2 dry 0.30 0.03 . 0.08 . . 
7/18/2014 2 ext 0.69 0.05 0.25 0.08 0.22 . 
7/18/2014 3 ctrl 0.89 0.05 0.78 0.07 0.72 . 
7/18/2014 3 amb 1.12 0.07 . 0.22 . . 
7/18/2014 3 wet 1.08 0.04 1.88 0.08 1.85 . 
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7/18/2014 3 dry 1.21 0.05 . 0.08 . . 
7/18/2014 3 ext 0.92 0.03 . 0.19 . . 
8/5/2014 1 ctrl . . . . . . 
8/5/2014 1 amb . . . . . . 
8/5/2014 1 wet . . . . . . 
8/5/2014 1 dry . . . . . . 
8/5/2014 1 ext . . . . . . 
8/5/2014 2 ctrl . . . . . . 
8/5/2014 2 amb . . . . . . 
8/5/2014 2 wet . . . . . . 
8/5/2014 2 dry . . . . . . 
8/5/2014 2 ext . . . . . . 
8/5/2014 3 ctrl . . . . . . 
8/5/2014 3 amb . . . . . . 
8/5/2014 3 wet . . . . . . 
8/5/2014 3 dry . . . . . . 
8/5/2014 3 ext . . . . . . 
8/15/2014 1 ctrl . . . . . . 
8/15/2014 1 amb . . . . . . 
8/15/2014 1 wet . . . . . . 
8/15/2014 1 dry . . . . . . 
8/15/2014 1 ext . . . . . . 
8/15/2014 2 ctrl 304.37 0.19 . 8.34 . . 
8/15/2014 2 amb 78.33 0.10 . 6.12 . . 
8/15/2014 2 wet 147.29 0.22 . 19.06 . . 
8/15/2014 2 dry 45.63 0.13 . 4.70 . . 
8/15/2014 2 ext 19.86 0.07 0.06 1.31 0 . 
8/15/2014 3 ctrl . . . . . . 
8/15/2014 3 amb . . . . . . 
8/15/2014 3 wet . . . . . . 
8/15/2014 3 dry . . . . . . 
8/15/2014 3 ext . . . . . . 
8/25/2014 1 ctrl 66.59 0.08 . 6.56 . . 
8/25/2014 1 amb 16.77 0.06 . 1.93 . . 
8/25/2014 1 wet 9.01 0.18 0.17 1.45 0.10 . 
8/25/2014 1 dry 18.35 0.05 . 4.27 . . 
8/25/2014 1 ext 134.05 0.10 . 2.81 . . 
8/25/2014 2 ctrl 5.71 0.11 . 1.17 . . 
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8/25/2014 2 amb 11.14 0.09 . 0.98 . . 
8/25/2014 2 wet 10.31 0.28 6.66 1.17 6.62 . 
8/25/2014 2 dry 7.86 0.21 2.53 0.65 2.39 . 
8/25/2014 2 ext 11.62 0.07 0.56 0.54 0.50 . 
8/25/2014 3 ctrl . . . . . . 
8/25/2014 3 amb 12.69 0.09 . 2.39 . . 
8/25/2014 3 wet . . . . . . 
8/25/2014 3 dry 34.30 0.55 . 8.20 . . 
8/25/2014 3 ext 19.03 0.22 . 0.80 . . 
9/14/2014 1 ctrl 3.42 0.04 0.22 0.91 0.19 . 
9/14/2014 1 amb 18.97 0.04 0.31 3.37 0.27 . 
9/14/2014 1 wet 1.05 0.04 0.50 0.81 0.46 . 
9/14/2014 1 dry 4.33 0.04 0.20 0.88 0.16 . 
9/14/2014 1 ext 3.58 0.04 0.42 1.08 0.38 . 
9/14/2014 2 ctrl 2.82 0.07 0.09 0.61 0.02 . 
9/14/2014 2 amb 12.63 0.08 0.10 1.39 0.03 . 
9/14/2014 2 wet 2.55 0.06 0.67 0.31 0.61 . 
9/14/2014 2 dry 4.08 0.07 . 0.30 . 46.09 
9/14/2014 2 ext 9.72 0.05 . 0.54 . 57.23 
9/14/2014 3 ctrl 2.28 0.08 . 0.64 . 47.88 
9/14/2014 3 amb 9.08 0.08 . 1.61 . 62.73 
9/14/2014 3 wet 9.07 0.18 . 2.53 . . 
9/14/2014 3 dry 9.77 0.09 0.19 1.44 0.09 . 
9/14/2014 3 ext 4.51 0.05 0.09 0.66 0.03 . 
9/21/2014 1 ctrl 7.56 0.12 0.09 5.20 0 71.41 
9/21/2014 1 amb 14.39 0.17 0.06 2.43 0 . 
9/21/2014 1 wet . . . . . . 
9/21/2014 1 dry . . . . . . 
9/21/2014 1 ext 14.81 0.13 0.40 5.47 0.26 . 
9/21/2014 2 ctrl . . . . . . 
9/21/2014 2 amb . . . . . . 
9/21/2014 2 wet . . . . . . 
9/21/2014 2 dry . . . . . . 
9/21/2014 2 ext . . . . . . 
9/21/2014 3 ctrl . . . . . . 
9/21/2014 3 amb . . . . . . 
9/21/2014 3 wet . . . . . . 
9/21/2014 3 dry . . . . . . 
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9/21/2014 3 ext . . . . . . 
10/1/2014 1 ctrl 2.43 0.12 2.92 1.55 2.91 . 
10/1/2014 1 amb 1.22 0.12 16.47 0.71 16.55 26.41 
10/1/2014 1 wet 2.85 0.30 . 1.50 . 11.29 
10/1/2014 1 dry 2.22 0.07 0.65 1.45 0.58 . 
10/1/2014 1 ext 11.76 0.09 2.32 0.26 2.32 . 
10/1/2014 2 ctrl 8.57 0.19 1.50 1.82 1.32 26.22 
10/1/2014 2 amb 14.20 0.32 . 0.40 . 21.24 
10/1/2014 2 wet 3.84 0.37 33.35 0.67 33.48 47.81 
10/1/2014 2 dry 1.17 0.25 3.18 0.36 3.02 . 
10/1/2014 2 ext 5.59 0.54 13.69 2.84 13.31 . 
10/1/2014 3 ctrl 6.89 0.56 30.06 4.21 29.89 37.50 
10/1/2014 3 amb 7.71 0.35 . 0.97 . 41.17 
10/1/2014 3 wet 8.98 0.29 . 0.66 . 23.32 
10/1/2014 3 dry 7.01 0.09 . 0.76 . . 
10/1/2014 3 ext 13.50 0.34 9.98 4.75 9.77 21.30 
10/12/2014 1 ctrl 8.07 0.04 . 0.61 . . 
10/12/2014 1 amb 5.01 0.06 . 0.77 . . 
10/12/2014 1 wet 0.61 0.05 . 0.49 . . 
10/12/2014 1 dry 9.66 0.04 . 1.03 . . 
10/12/2014 1 ext 0.54 0.05 . 0.73 . . 
10/12/2014 2 ctrl 12.31 0.15 . 1.64 . . 
10/12/2014 2 amb 7.63 0.09 . 0.58 . . 
10/12/2014 2 wet 1.99 0.04 . 0.83 . . 
10/12/2014 2 dry 4.43 0.16 . 0.53 . . 
10/12/2014 2 ext 5.68 0.04 . 0.19 . . 
10/12/2014 3 ctrl 3.51 0.08 . 1.38 . . 
10/12/2014 3 amb 1.32 0.09 . 0.37 . . 
10/12/2014 3 wet 44.55 0.06 . 0.84 . . 
10/12/2014 3 dry 0.05 0.05 . 0.13 . . 
10/12/2014 3 ext 0.86 0.04 . 0.39 . . 
10/19/2014 1 ctrl 43.41 0.07 . 3.72 . . 
10/19/2014 1 amb 9.43 0.07 0.09 1.53 0.01 . 
10/19/2014 1 wet 4.08 0.02 . 0.63 . . 
10/19/2014 1 dry 7.11 0.03 0.03 1.57 0 . 
10/19/2014 1 ext 4.39 0.02 0.07 0.93 0.06 . 
10/19/2014 2 ctrl . . . . . . 
10/19/2014 2 amb 0 0 0 0.02 0 . 
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10/19/2014 2 wet 3.59 0.19 . 1.32 . . 
10/19/2014 2 dry 19.32 0.27 . 1.06 . . 
10/19/2014 2 ext 17.37 0.10 0.09 0.96 0 . 
10/19/2014 3 ctrl . . . . . . 
10/19/2014 3 amb 26.41 0.12 0.18 1.73 0.06 . 
10/19/2014 3 wet . . . . . . 
10/19/2014 3 dry . . . . . . 
10/19/2014 3 ext . . . . . . 
11/11/2014 1 ctrl 0.61 0.06 . 0.84 . 8.04 
11/11/2014 1 amb 1.85 0.04 2.59 0.86 2.66 . 
11/11/2014 1 wet 0 0.03 4.98 0.48 5.19 . 
11/11/2014 1 dry 2.52 0.95 1.57 0.77 0.42 . 
11/11/2014 1 ext 0.20 0.05 6.20 0.49 6.44 8.80 
11/11/2014 2 ctrl . . . . . . 
11/11/2014 2 amb . . . . . . 
11/11/2014 2 wet . . . . . . 
11/11/2014 2 dry . . . . . . 
11/11/2014 2 ext . . . . . . 
11/11/2014 3 ctrl . . . . . . 
11/11/2014 3 amb . . . . . . 
11/11/2014 3 wet . . . . . . 
11/11/2014 3 dry . . . . . . 
11/11/2014 3 ext . . . . . . 
11/18/2014 1 ctrl 2.48 0.04 . 1.21 . . 
11/18/2014 1 amb 2.54 0.02 0.70 0.96 0.71 . 
11/18/2014 1 wet 0.43 0.02 4.35 0.46 4.54 . 
11/18/2014 1 dry 1.83 0.02 0.40 0.75 0.40 . 
11/18/2014 1 ext 0.59 0.02 5.22 0.70 5.45 . 
11/18/2014 2 ctrl 4.10 0.16 0.63 1.40 0.47 38.50 
11/18/2014 2 amb 3.26 0.07 . 1.33 . 63.34 
11/18/2014 2 wet 2.16 0.26 . 0.48 . 36.21 
11/18/2014 2 dry 5.42 0.15 . 0.59 . 38.63 
11/18/2014 2 ext 5.84 0.06 . 0.14 . 42.82 
11/18/2014 3 ctrl . . . . . . 
11/18/2014 3 amb 2.60 0.07 2.67 1.89 2.61 53.10 
11/18/2014 3 wet . . . . . . 
11/18/2014 3 dry 2.00 0.08 . 0.71 . 35.13 
11/18/2014 3 ext 33.86 0.09 4.42 1.92 4.36 48.61 
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12/7/2014 1 ctrl 27.31 0.04 . 4.35 . 20.77 
12/7/2014 1 amb 1.45 0.04 . 0.49 . 16.32 
12/7/2014 1 wet 0 0.01 2.87 0.40 2.87 11.89 
12/7/2014 1 dry 0.11 0.05 2.23 0.65 2.19 . 
12/7/2014 1 ext 0.48 0.04 6.17 0.53 6.17 17.59 
12/7/2014 2 ctrl 6.09 0.09 . 0.34 . 24.64 
12/7/2014 2 amb 1.54 0.09 . 0.81 . 10.30 
12/7/2014 2 wet 0.79 0.10 . 0.40 . 33.92 
12/7/2014 2 dry 1.96 0.06 . 0.38 . 14.43 
12/7/2014 2 ext 3.67 0.07 . 0.07 . 57.18 
12/7/2014 3 ctrl 0.70 0.07 . 1.07 . 12.65 
12/7/2014 3 amb 4.87 0.07 . 0.68 . 16.07 
12/7/2014 3 wet 3.40 0.04 . 0.84 . 11.82 
12/7/2014 3 dry 0.59 0.06 . 0.18 . 11.00 
12/7/2014 3 ext 3.68 0.06 6.31 0.32 6.35 8.62 
5/21/2015 1 ctrl 77.03 0.42 . 1.71 . . 
5/21/2015 1 amb 44.38 0.40 . 4.25 . 130.23 
5/21/2015 1 wet 121.97 0.72 . 2.12 . 110.24 
5/21/2015 1 dry 247.47 1.78 . 5.21 . 170.16 
5/21/2015 1 ext 48.27 0.22 . 0.64 . . 
5/21/2015 2 ctrl 495.81 1.46 . 9.69 . 251.28 
5/21/2015 2 amb . . . . . . 
5/21/2015 2 wet 237.14 1.89 . 9.71 . 195.03 
5/21/2015 2 dry 241.70 1.86 . 15.21 . 212.01 
5/21/2015 2 ext . . . . . . 
5/21/2015 3 ctrl . . . . . 189.35 
5/21/2015 3 amb . . . . . 216.38 
5/21/2015 3 wet . . . . . 294.91 
5/21/2015 3 dry . . . . . 246.46 
5/21/2015 3 ext . . . . . 209.53 
5/28/2015 1 ctrl 458.57 0.65 . 5.52 . 205.77 
5/28/2015 1 amb 749.51 1.35 . 17.57 . 167.17 
5/28/2015 1 wet 574.10 2.51 . 7.07 . . 
5/28/2015 1 dry 2284.46 1.93 . 16.70 . 149.20 
5/28/2015 1 ext 1423.85 1.43 . 11.09 . 133.13 
5/28/2015 2 ctrl 993.82 4.48 . 19.57 . 407.26 
5/28/2015 2 amb 672.36 1.99 . 20.53 . 239.92 
5/28/2015 2 wet 354.31 2.04 . 10.96 . 190.69 
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5/28/2015 2 dry 358.93 3.01 . 14.30 . 212.78 
5/28/2015 2 ext 679.53 1.57 . 14.15 . 343.40 
5/28/2015 3 ctrl 331.84 0.60 . 8.05 . 204.95 
5/28/2015 3 amb 560.97 2.99 . 6.01 . 193.78 
5/28/2015 3 wet 1609.61 2.25 . 31.24 . 252.11 
5/28/2015 3 dry 2456.88 1.78 . 43.00 . 212.15 
5/28/2015 3 ext 526.94 0.80 . 16.89 . 356.15 
6/18/2015 1 ctrl 17.45 0.23 . 0.95 . . 
6/18/2015 1 amb 87.42 0.25 . 2.77 . 219.93 
6/18/2015 1 wet 451.87 0.45 . 9.33 . 172.20 
6/18/2015 1 dry 496.92 6.47 . 11.56 . 249.41 
6/18/2015 1 ext 107.99 0.20 . 1.27 . . 
6/18/2015 2 ctrl 873.11 6.14 . 30.69 . 405.29 
6/18/2015 2 amb 947.80 5.22 . 30.54 . 228.56 
6/18/2015 2 wet 1232.38 3.98 . 26.88 . 305.20 
6/18/2015 2 dry 719.39 4.09 . 19.34 . 320.05 
6/18/2015 2 ext 886.82 5.21 . 23.74 . 287.75 
6/18/2015 3 ctrl 458.38 4.72 . 15.24 . 390.44 
6/18/2015 3 amb 1170.52 5.53 . 86.51 . 308.67 
6/18/2015 3 wet 4299.06 8.11 . 41.56 . 384.01 
6/18/2015 3 dry 1550.44 3.67 . 26.48 . 490.29 
6/18/2015 3 ext 291.44 3.44 . 8.35 . 299.63 
6/26/2015 1 ctrl 2471.78 5.16 . 62.89 . 310.36 
6/26/2015 1 amb 1867.49 1.98 . 24.41 . 265.12 
6/26/2015 1 wet 8132.59 13.98 . 58.52 . 222.47 
6/26/2015 1 dry 2378.59 4.67 . 50.60 . 223.35 
6/26/2015 1 ext 5923.96 7.74 . 91.58 . 147.34 
6/26/2015 2 ctrl 871.91 4.17 . 26.33 . 420.68 
6/26/2015 2 amb 1405.65 6.85 . 50.88 . 313.14 
6/26/2015 2 wet 741.10 2.29 . 28.21 . 241.10 
6/26/2015 2 dry 275.56 1.49 . 11.10 . 230.31 
6/26/2015 2 ext 905.86 3.96 . 24.27 . 357.40 
6/26/2015 3 ctrl 3294.73 1.65 . 22.76 . 303.34 
6/26/2015 3 amb 2485.82 8.53 . 42.12 . 301.23 
6/26/2015 3 wet 4878.01 19.95 . 109.20 . 251.64 
6/26/2015 3 dry 3262.98 4.41 . 87.47 . 191.89 
6/26/2015 3 ext 1866.22 4.61 . 39.81 . 468.89 
7/7/2015 1 ctrl 340.60 0.40 . 10.18 . 135.61 
 361 
7/7/2015 1 amb 49.39 0.28 . 2.31 . 184.36 
7/7/2015 1 wet 346.98 0.31 . 20.11 . 140.44 
7/7/2015 1 dry 394.56 0.63 . 11.92 . 254.58 
7/7/2015 1 ext 499.62 0.50 . 13.68 . 167.72 
7/7/2015 2 ctrl 966.16 1.89 . 23.47 . 313.97 
7/7/2015 2 amb 666.47 0.90 . 19.11 . 236.23 
7/7/2015 2 wet 145.75 1.10 . 7.64 . 285.57 
7/7/2015 2 dry 985.39 2.70 . 35.89 . 404.70 
7/7/2015 2 ext 1400.13 1.30 . 68.17 . 135.17 
7/7/2015 3 ctrl 2738.41 1.75 . 64.08 . 300.02 
7/7/2015 3 amb 96.59 0.17 . 1.91 . 382.14 
7/7/2015 3 wet 1576.48 1.74 . 35.96 . 384.53 
7/7/2015 3 dry 2209.13 0.58 . 89.15 . 420.41 
7/7/2015 3 ext 714.65 5.78 . 29.52 . 390.37 
7/25/2015 1 ctrl . . . . . . 
7/25/2015 1 amb 4708.53 2.40 . 343.46 . 221.25 
7/25/2015 1 wet 2398.79 3.12 . 101.79 . 167.49 
7/25/2015 1 dry 4236.50 15.20 . 40.97 . 164.89 
7/25/2015 1 ext . . . . . 223.25 
7/25/2015 2 ctrl 612.86 1.09 . 11.44 . 292.35 
7/25/2015 2 amb 2424.44 3.37 . 79.75 . 245.84 
7/25/2015 2 wet 872.16 1.13 . 43.46 . 286.75 
7/25/2015 2 dry 1146.12 1.39 . 28.74 . 287.28 
7/25/2015 2 ext 3773.92 2.90 . 111.49 . 326.86 
7/25/2015 3 ctrl 2489.65 3.76 . 99.09 . 268.91 
7/25/2015 3 amb 1792.73 1.87 . 35.90 . 249.40 
7/25/2015 3 wet 1856.29 1.33 . 18.43 . 270.96 
7/25/2015 3 dry 2633.29 3.15 . 66.98 . 205.28 
7/25/2015 3 ext 807.28 0.87 . 25.27 . 351.21 
8/7/2015 1 ctrl 1950.14 18.11 . 306.31 . 252.18 
8/7/2015 1 amb 91.01 0.57 . 4.69 . . 
8/7/2015 1 wet 144.09 0.55 . 4.30 . 138.73 
8/7/2015 1 dry 408.99 1.48 . 18.73 . . 
8/7/2015 1 ext 149.41 0.53 . 5.95 . . 
8/7/2015 2 ctrl 1016.86 5.36 . 53.88 . 355.41 
8/7/2015 2 amb 986.57 2.09 . 61.00 . . 
8/7/2015 2 wet 418.51 0.30 . 16.79 . 297.90 
8/7/2015 2 dry 496.56 1.39 . 38.54 . 307.91 
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8/7/2015 2 ext 381.99 1.16 . 14.55 . . 
8/7/2015 3 ctrl 437.27 0.49 . 17.98 . 277.67 
8/7/2015 3 amb 348.43 0.63 . 13.10 . . 
8/7/2015 3 wet 137.86 1.58 . 16.12 . . 
8/7/2015 3 dry 1036.00 1.30 . 38.63 . . 
8/7/2015 3 ext 364.38 0.45 . 22.86 . . 
8/22/2015 1 ctrl 3005.68 14.23 . 162.03 . 233.04 
8/22/2015 1 amb 282.69 2.27 . 28.66 . . 
8/22/2015 1 wet 82.87 1.04 . 13.50 . 232.98 
8/22/2015 1 dry 272.53 2.69 . 33.61 . . 
8/22/2015 1 ext 172.57 1.36 . 12.64 . . 
8/22/2015 2 ctrl 470.36 3.90 . 70.27 . . 
8/22/2015 2 amb 316.40 6.95 . 23.58 . 254.36 
8/22/2015 2 wet 465.64 1.92 . 25.85 . 336.15 
8/22/2015 2 dry 500.95 1.12 . 27.60 . 385.93 
8/22/2015 2 ext 961.57 5.06 . 66.47 . . 
8/22/2015 3 ctrl 2392.00 2.13 . 213.31 . . 
8/22/2015 3 amb 730.61 9.68 . 49.19 . . 
8/22/2015 3 wet . . . . . . 
8/22/2015 3 dry . . . . . . 
8/22/2015 3 ext 404.30 1.08 . 18.89 . . 
9/5/2015 1 ctrl 547.58 0.55 . 84.41 . 206.51 
9/5/2015 1 amb 14.39 0.50 . 3.10 . 144.31 
9/5/2015 1 wet 37.24 0.40 . 4.57 . 113.23 
9/5/2015 1 dry 68.41 0.74 . 6.53 . 154.14 
9/5/2015 1 ext 37.88 0.71 . 7.83 . 194.24 
9/5/2015 2 ctrl 233.42 0.35 . 11.41 . 257.40 
9/5/2015 2 amb 296.56 1.10 . 12.12 . 182.97 
9/5/2015 2 wet 205.60 0.23 . 7.23 . 309.90 
9/5/2015 2 dry 141.15 0.65 . 10.82 . 154.76 
9/5/2015 2 ext 249.63 0.27 . 10.34 . 301.43 
9/5/2015 3 ctrl 192.70 0.55 . 13.23 . 186.31 
9/5/2015 3 amb 298.86 1.27 . 15.23 . 231.91 
9/5/2015 3 wet 1004.02 1.69 . 103.96 . 120.61 
9/5/2015 3 dry 129.96 0.48 . 11.26 . 302.91 
9/5/2015 3 ext 820.27 1.96 . 35.18 . 119.64 
10/3/2015 1 ctrl 5072.38 2.45 . 94.15 . 84.95 
10/3/2015 1 amb 604.13 1.84 . 18.69 . 241.85 
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10/3/2015 1 wet 48.74 0.39 . 2.29 . 58.08 
10/3/2015 1 dry 357.93 1.11 . 5.56 . 249.16 
10/3/2015 1 ext 54.12 0.18 . 0.93 . 286.49 
10/3/2015 2 ctrl 249.95 0.97 . 18.38 . 421.50 
10/3/2015 2 amb 170.47 1.53 . 8.78 . 169.14 
10/3/2015 2 wet 173.40 0.32 . 3.60 . 427.53 
10/3/2015 2 dry 241.49 0.39 . 13.22 . 415.31 
10/3/2015 2 ext 226.47 1.13 . 17.93 . 183.62 
10/3/2015 3 ctrl 70.18 0.80 . 4.29 . 311.56 
10/3/2015 3 amb 47.30 0.30 . 1.85 . 285.48 
10/3/2015 3 wet 78.98 0.14 . 0.92 . 548.46 
10/3/2015 3 dry 113.41 0.36 . 5.71 . 392.17 
10/3/2015 3 ext 46.33 0.19 . 4.33 . 297.74 
10/10/2015 1 ctrl 1906.03 1.78 . 151.66 . 284.61 
10/10/2015 1 amb 241.78 0.30 . 52.40 . 252.05 
10/10/2015 1 wet 125.41 0.61 . 1.62 . 242.29 
10/10/2015 1 dry 1772.82 1.63 . 36.66 . 222.72 
10/10/2015 1 ext 170.84 0.45 . 6.63 . 449.96 
10/10/2015 2 ctrl 352.98 1.51 . 17.63 . 409.18 
10/10/2015 2 amb 499.67 2.70 . 41.09 . 251.43 
10/10/2015 2 wet 256.57 0.62 . 6.77 . 329.04 
10/10/2015 2 dry 327.67 1.29 . 20.54 . 391.92 
10/10/2015 2 ext 532.44 1.13 . 31.72 . 368.92 
10/10/2015 3 ctrl 165.94 1.02 . 7.96 . 370.36 
10/10/2015 3 amb 235.16 1.11 . 13.17 . 312.09 
10/10/2015 3 wet 232.05 0.47 . 5.02 . 408.61 
10/10/2015 3 dry 693.51 0.83 . 147.44 . 347.82 
10/10/2015 3 ext 457.05 0.75 . 12.38 . 339.19 
11/7/2015 1 ctrl 2887.58 3.12 . 324.41 . 232.17 
11/7/2015 1 amb 93.45 0.21 . 7.50 . 228.15 
11/7/2015 1 wet 496.47 3.09 . 15.88 . 149.70 
11/7/2015 1 dry 5093.45 11.51 . 135.52 . 170.29 
11/7/2015 1 ext 1727.40 3.81 . 41.77 . 222.53 
11/7/2015 2 ctrl 801.28 5.36 . 18.77 . 341.87 
11/7/2015 2 amb 1674.96 4.88 . 61.66 . 264.98 
11/7/2015 2 wet 351.20 1.16 . 12.96 . 331.69 
11/7/2015 2 dry 539.00 2.62 . 24.65 . 347.69 
11/7/2015 2 ext 1398.97 13.47 . 132.34 . 298.35 
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11/7/2015 3 ctrl 693.97 4.49 . 25.28 . 261.12 
11/7/2015 3 amb 823.12 3.50 . 17.66 . 223.06 
11/7/2015 3 wet 688.90 3.66 . 68.07 . 273.73 
11/7/2015 3 dry 1488.06 10.37 . 64.23 . 197.24 
11/7/2015 3 ext 675.17 3.25 . 32.76 . 332.44 
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Table G.8 Sediment core data for Chapter 3 




















N% C% C:N 
6/9/2014 1 ctrl 1 8.05 0.75 0.74 0.04 0.43 12.37 
6/9/2014 1 ctrl 2 21.32 1.13 2.94 . . . 
6/9/2014 1 ctrl 3 7.69 1.90 0.72 . . . 
6/9/2014 1 ctrl 4 21.08 1.55 2.28 . . . 
6/9/2014 1 ctrl 5 15.90 1.64 1.48 . . . 
6/9/2014 1 ctrl 6 12.30 1.78 0.55 . . . 
6/9/2014 1 ctrl 7 11.17 1.43 0.64 . . . 
6/9/2014 1 ctrl 8 10.81 0.86 0.70 . . . 
6/9/2014 1 ctrl 9 12.67 1.28 0.90 . . . 
6/9/2014 1 amb 1 28.60 0.92 4.41 0.26 2.61 11.85 
6/9/2014 1 amb 2 12.65 1.39 1.19 . . . 
6/9/2014 1 amb 3 6.86 1.61 0.42 . . . 
6/9/2014 1 amb 4 5.48 1.49 0.41 . . . 
6/9/2014 1 amb 5 11.79 1.95 0.79 . . . 
6/9/2014 1 amb 6 8.61 1.84 0.52 . . . 
6/9/2014 1 amb 7 16.08 2.05 0.90 . . . 
6/9/2014 1 amb 8 14.73 1.94 0.55 . . . 
6/9/2014 1 amb 9 14.16 2.29 0.33 . . . 
6/9/2014 1 amb 10 14.50 2.00 0.29 . . . 
6/9/2014 1 wet 1 9.47 0.86 1.36 0.09 0.93 12.16 
6/9/2014 1 wet 2 5.45 2.42 0.50 . . . 
6/9/2014 1 wet 3 5.69 1.63 0.64 . . . 
6/9/2014 1 wet 4 4.88 1.73 0.28 . . . 
6/9/2014 1 wet 5 8.01 1.82 0.38 . . . 
6/9/2014 1 wet 6 8.98 1.88 0.51 . . . 
6/9/2014 1 wet 7 9.28 1.07 0.13 . . . 
6/9/2014 1 wet 8 8.92 1.32 0.25 . . . 
6/9/2014 1 wet 9 8.47 1.30 0.30 . . . 
6/9/2014 1 wet 10 9.39 1.19 0.41 . . . 
6/9/2014 1 dry 1 13.41 1.79 1.98 0.10 1.08 12.50 
6/9/2014 1 dry 2 6.63 1.59 0.61 . . . 
6/9/2014 1 dry 3 6.17 1.62 1.06 . . . 
6/9/2014 1 dry 4 5.05 1.93 0.34 . . . 
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6/9/2014 1 dry 5 12.85 2.03 1.26 . . . 
6/9/2014 1 dry 6 12.54 2.03 0.78 . . . 
6/9/2014 1 dry 7 12.39 1.89 0.71 . . . 
6/9/2014 1 dry 8 18.72 1.83 0.93 . . . 
6/9/2014 1 dry 9 17.79 2.40 0.42 . . . 
6/9/2014 1 dry 10 18.19 1.85 0.59 . . . 
6/9/2014 1 ext 1 7.96 0.15 0.08 0.78 12.08 . 
6/9/2014 1 ext 2 9.66 1.52 1.23 . . . 
6/9/2014 1 ext 3 6.08 1.32 0.66 . . . 
6/9/2014 1 ext 4 12.05 1.86 1.15 . . . 
6/9/2014 1 ext 5 7.49 1.81 0.54 . . . 
6/9/2014 1 ext 6 7.94 1.83 0.34 . . . 
6/9/2014 1 ext 7 6.55 1.40 0.59 . . . 
6/9/2014 1 ext 8 6.52 1.60 0.26 . . . 
6/9/2014 1 ext 9 7.41 1.59 0.21 . . . 
6/9/2014 1 ext 10 6.85 1.65 0.30 . . . 
6/9/2014 2 ctrl 1 57.89 0.39 21.42 0.64 8.32 15.13 
6/9/2014 2 ctrl 2 41.43 0.75 7.92 . . . 
6/9/2014 2 ctrl 3 31.14 1.32 4.05 . . . 
6/9/2014 2 ctrl 4 21.13 1.82 1.39 . . . 
6/9/2014 2 ctrl 5 22.37 1.75 1.76 . . . 
6/9/2014 2 ctrl 6 10.96 1.91 0.64 . . . 
6/9/2014 2 ctrl 7 8.21 1.88 0.55 . . . 
6/9/2014 2 ctrl 8 10.32 1.64 0.38 . . . 
6/9/2014 2 amb 1 49.64 0.64 8.97 0.53 6.83 15.06 
6/9/2014 2 amb 2 61.35 0.44 14.79 . . . 
6/9/2014 2 amb 3 37.33 1.35 7.37 . . . 
6/9/2014 2 amb 4 11.98 1.73 1.00 . . . 
6/9/2014 2 amb 5 8.61 1.95 0.63 . . . 
6/9/2014 2 amb 6 6.82 1.64 0.46 . . . 
6/9/2014 2 amb 7 6.98 1.75 0.47 . . . 
6/9/2014 2 amb 8 8.34 1.28 0.29 . . . 
6/9/2014 2 amb 9 8.73 1.31 0.43 . . . 
6/9/2014 2 wet 1 50.17 0.68 20.32 0.40 4.83 13.95 
6/9/2014 2 wet 2 26.47 1.16 12.69 . . . 
6/9/2014 2 wet 3 16.94 1.49 3.46 . . . 
6/9/2014 2 wet 4 11.96 1.44 1.03 . . . 
6/9/2014 2 wet 5 11.72 1.64 0.79 . . . 
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6/9/2014 2 wet 6 7.51 1.59 0.58 . . . 
6/9/2014 2 wet 7 6.42 1.95 0.48 . . . 
6/9/2014 2 wet 8 6.26 1.31 0.37 . . . 
6/9/2014 2 dry 1 51.16 0.83 9.26 0.45 5.24 13.70 
6/9/2014 2 dry 2 25.35 1.27 3.43 . . . 
6/9/2014 2 dry 3 9.14 1.54 1.06 . . . 
6/9/2014 2 dry 4 6.78 1.53 0.81 . . . 
6/9/2014 2 dry 5 13.57 1.85 0.84 . . . 
6/9/2014 2 dry 6 9.56 1.42 0.69 . . . 
6/9/2014 2 dry 7 9.11 1.35 0.71 . . . 
6/9/2014 2 dry 8 7.88 1.46 0.44 . . . 
6/9/2014 2 dry 9 5.97 1.57 0.27 . . . 
6/9/2014 2 ext 1 55.01 0.45 17.06 0.53 7.07 15.64 
6/9/2014 2 ext 2 49.51 0.55 17.01 . . . 
6/9/2014 2 ext 3 38.60 1.21 6.20 . . . 
6/9/2014 2 ext 4 19.08 1.72 1.96 . . . 
6/9/2014 2 ext 5 11.55 1.98 1.03 . . . 
6/9/2014 2 ext 6 9.50 2.09 0.53 . . . 
6/9/2014 2 ext 7 11.42 1.80 0.62 . . . 
6/9/2014 2 ext 8 12.32 2.03 0.63 . . . 
6/9/2014 3 ctrl 1 3.55 1.65 0.75 0.06 0.69 13.03 
6/9/2014 3 ctrl 2 7.15 2.13 1.06 . . . 
6/9/2014 3 ctrl 3 5.16 1.83 0.63 . . . 
6/9/2014 3 ctrl 4 4.13 1.52 0.39 . . . 
6/9/2014 3 ctrl 5 3.18 1.65 0.27 . . . 
6/9/2014 3 ctrl 6 3.42 1.43 0.23 . . . 
6/9/2014 3 ctrl 7 3.34 1.84 0.25 . . . 
6/9/2014 3 ctrl 8 3.27 2.00 1.21 . . . 
6/9/2014 3 ctrl 9 2.58 1.78 0.13 . . . 
6/9/2014 3 ctrl 10 3.10 1.45 0.35 . . . 
6/9/2014 3 amb 1 23.68 1.34 4.01 0.25 3.01 14.01 
6/9/2014 3 amb 2 11.09 1.36 1.17 . . . 
6/9/2014 3 amb 3 7.53 1.93 0.76 . . . 
6/9/2014 3 amb 4 15.76 1.65 1.25 . . . 
6/9/2014 3 amb 5 40.14 1.10 6.63 . . . 
6/9/2014 3 amb 6 25.90 1.40 2.33 . . . 
6/9/2014 3 amb 7 17.21 1.82 1.48 . . . 
6/9/2014 3 amb 8 9.39 1.58 0.76 . . . 
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6/9/2014 3 amb 9 6.69 2.10 0.60 . . . 
6/9/2014 3 amb 10 5.93 2.10 0.38 . . . 
6/9/2014 3 wet 1 7.13 1.47 1.05 0.11 1.30 13.39 
6/9/2014 3 wet 2 6.75 1.45 0.83 . . . 
6/9/2014 3 wet 3 3.68 1.47 0.38 . . . 
6/9/2014 3 wet 4 3.07 1.82 -0.06 . . . 
6/9/2014 3 wet 5 2.76 1.31 0.41 . . . 
6/9/2014 3 wet 6 3.00 1.52 0.29 . . . 
6/9/2014 3 wet 7 2.57 1.49 0.71 . . . 
6/9/2014 3 wet 8 5.01 1.96 0.86 . . . 
6/9/2014 3 wet 9 26.29 1.62 5.61 . . . 
6/9/2014 3 wet 10 11.25 1.30 1.11 . . . 
6/9/2014 3 dry 1 28.79 1.42 5.10 0.27 3.06 13.43 
6/9/2014 3 dry 2 10.76 2.29 1.28 . . . 
6/9/2014 3 dry 3 12.82 1.71 1.16 . . . 
6/9/2014 3 dry 4 23.89 1.39 2.49 . . . 
6/9/2014 3 dry 5 20.52 1.82 2.20 . . . 
6/9/2014 3 dry 6 14.33 1.92 0.83 . . . 
6/9/2014 3 dry 7 8.38 1.78 0.54 . . . 
6/9/2014 3 dry 8 6.12 1.69 0.40 . . . 
6/9/2014 3 dry 9 5.48 1.51 5.21 . . . 
6/9/2014 3 dry 10 6.75 1.71 0.33 . . . 
6/9/2014 3 ext 1 47.07 0.80 9.85 0.43 4.90 13.24 
6/9/2014 3 ext 2 34.89 0.98 6.55 . . . 
6/9/2014 3 ext 3 17.46 1.58 1.39 . . . 
6/9/2014 3 ext 4 11.14 1.50 2.25 . . . 
6/9/2014 3 ext 5 38.71 0.99 7.02 . . . 
6/9/2014 3 ext 6 19.69 1.59 1.32 . . . 
6/9/2014 3 ext 7 10.97 1.43 0.59 . . . 
6/9/2014 3 ext 8 7.96 1.42 0.48 . . . 
6/9/2014 3 ext 9 6.01 1.76 0.37 . . . 
6/9/2014 3 ext 10 4.86 1.89 0.98 . . . 
10/19/2014 1 ctrl 1 20.72 1.09 2.63 0.16 1.67 12.14 
10/19/2014 1 ctrl 2 13.58 1.48 0.64 . . . 
10/19/2014 1 ctrl 3 10.05 1.74 0.29 . . . 
10/19/2014 1 ctrl 4 26.66 1.48 3.18 . . . 
10/19/2014 1 ctrl 5 17.71 1.52 1.18 . . . 
10/19/2014 1 ctrl 6 14.03 1.60 0.77 . . . 
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10/19/2014 1 ctrl 7 13.74 1.74 0.63 . . . 
10/19/2014 1 ctrl 8 14.69 1.70 0.49 . . . 
10/19/2014 1 ctrl 9 14.28 1.85 0.37 . . . 
10/19/2014 1 amb 1 24.86 1.17 5.08 0.17 1.91 12.86 
10/19/2014 1 amb 2 11.44 1.40 1.60 . . . 
10/19/2014 1 amb 3 7.40 1.47 0.78 . . . 
10/19/2014 1 amb 4 12.60 1.56 1.43 . . . 
10/19/2014 1 amb 5 8.69 1.66 0.39 . . . 
10/19/2014 1 amb 6 9.47 1.61 0.43 . . . 
10/19/2014 1 amb 7 11.26 1.63 0.88 . . . 
10/19/2014 1 amb 8 15.74 1.52 0.73 . . . 
10/19/2014 1 amb 9 12.65 1.38 0.32 . . . 
10/19/2014 1 amb 10 11.12 0.59 0.37 . . . 
10/19/2014 1 wet 1 15.27 1.20 2.79 0.17 1.83 12.57 
10/19/2014 1 wet 2 11.18 1.58 1.58 . . . 
10/19/2014 1 wet 3 10.28 1.73 1.98 . . . 
10/19/2014 1 wet 4 10.39 2.09 0.43 . . . 
10/19/2014 1 wet 5 13.94 2.03 0.78 . . . 
10/19/2014 1 wet 6 12.41 1.72 0.69 . . . 
10/19/2014 1 wet 7 10.28 1.81 0.31 . . . 
10/19/2014 1 wet 8 10.86 1.87 0.47 . . . 
10/19/2014 1 wet 9 7.91 1.13 0.21 . . . 
10/19/2014 1 dry 1 19.50 0.71 3.97 0.18 1.98 13.03 
10/19/2014 1 dry 2 9.51 1.65 1.62 . . . 
10/19/2014 1 dry 3 6.50 1.44 0.75 . . . 
10/19/2014 1 dry 4 8.30 1.45 0.61 . . . 
10/19/2014 1 dry 5 12.42 1.67 0.87 . . . 
10/19/2014 1 dry 6 11.63 1.48 0.71 . . . 
10/19/2014 1 dry 7 23.78 1.24 2.67 . . . 
10/19/2014 1 dry 8 21.77 0.85 1.58 . . . 
10/19/2014 1 ext 1 12.97 1.28 1.61 0.06 0.76 14.11 
10/19/2014 1 ext 2 10.85 1.34 0.63 . . . 
10/19/2014 1 ext 3 8.61 1.63 0.73 . . . 
10/19/2014 1 ext 4 13.69 1.80 0.61 . . . 
10/19/2014 1 ext 5 11.03 1.48 1.12 . . . 
10/19/2014 1 ext 6 11.66 1.63 0.38 . . . 
10/19/2014 1 ext 7 9.44 1.92 0.32 . . . 
10/19/2014 1 ext 8 8.51 1.35 0.26 . . . 
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10/19/2014 1 ext 9 10.38 1.46 0.32 . . . 
10/19/2014 1 ext 10 8.05 1.26 0.25 . . . 
10/19/2014 2 ctrl 1 60.26 0.40 17.19 0.78 9.63 14.38 
10/19/2014 2 ctrl 2 20.80 1.37 8.21 . . . 
10/19/2014 2 ctrl 3 38.29 0.80 3.28 . . . 
10/19/2014 2 ctrl 4 16.03 1.50 1.72 . . . 
10/19/2014 2 ctrl 5 16.88 1.83 2.10 . . . 
10/19/2014 2 ctrl 6 18.81 1.78 1.79 . . . 
10/19/2014 2 ctrl 7 10.04 1.56 0.83 . . . 
10/19/2014 2 ctrl 8 9.45 1.96 0.60 . . . 
10/19/2014 2 ctrl 9 9.64 1.63 0.40 . . . 
10/19/2014 2 ctrl 10 8.50 0.83 0.43 . . . 
10/19/2014 2 amb 1 56.14 0.61 13.61 0.52 6.27 14.01 
10/19/2014 2 amb 2 49.27 0.70 8.82 . . . 
10/19/2014 2 amb 3 29.59 1.32 4.39 . . . 
10/19/2014 2 amb 4 14.19 1.78 1.85 . . . 
10/19/2014 2 amb 5 11.10 1.56 0.97 . . . 
10/19/2014 2 amb 6 11.38 1.59 0.83 . . . 
10/19/2014 2 amb 7 11.37 1.66 0.56 . . . 
10/19/2014 2 amb 8 12.70 1.88 0.45 . . . 
10/19/2014 2 amb 9 11.53 1.76 0.48 . . . 
10/19/2014 2 amb 10 9.63 0.75 0.37 . . . 
10/19/2014 2 wet 1 55.43 0.53 13.05 0.50 6.22 14.48 
10/19/2014 2 wet 2 45.09 0.85 8.08 . . . 
10/19/2014 2 wet 3 22.21 1.45 3.10 . . . 
10/19/2014 2 wet 4 14.31 1.71 1.69 . . . 
10/19/2014 2 wet 5 12.78 1.72 1.54 . . . 
10/19/2014 2 wet 6 8.66 1.62 0.79 . . . 
10/19/2014 2 wet 7 8.26 1.86 1.11 . . . 
10/19/2014 2 wet 8 7.69 1.62 0.46 . . . 
10/19/2014 2 wet 9 7.18 1.56 0.19 . . . 
10/19/2014 2 wet 10 6.26 1.57 0.31 . . . 
10/19/2014 2 dry 1 48.28 0.59 9.54 0.56 6.36 13.29 
10/19/2014 2 dry 2 40.97 0.74 8.64 . . . 
10/19/2014 2 dry 3 17.62 1.41 1.79 . . . 
10/19/2014 2 dry 4 9.25 1.59 0.93 . . . 
10/19/2014 2 dry 5 10.44 1.48 1.34 . . . 
10/19/2014 2 dry 6 18.86 1.71 2.46 . . . 
 371 
10/19/2014 2 dry 7 10.11 1.54 0.85 . . . 
10/19/2014 2 dry 8 8.34 1.56 0.47 . . . 
10/19/2014 2 dry 9 7.59 1.63 0.39 . . . 
10/19/2014 2 dry 10 6.63 1.55 0.37 . . . 
10/19/2014 2 dry 11 5.59 1.46 0.31 . . . 
10/19/2014 2 ext 1 60.52 0.39 17.25 0.80 11.29 16.41 
10/19/2014 2 ext 2 65.97 0.35 19.09 . . . 
10/19/2014 2 ext 3 50.08 0.57 10.26 . . . 
10/19/2014 2 ext 4 41.80 0.91 6.41 . . . 
10/19/2014 2 ext 5 23.74 1.46 3.38 . . . 
10/19/2014 2 ext 6 15.97 1.53 1.18 . . . 
10/19/2014 2 ext 7 12.55 1.45 0.73 . . . 
10/19/2014 2 ext 8 11.09 1.64 0.50 . . . 
10/19/2014 2 ext 9 12.75 1.56 0.52 . . . 
10/19/2014 2 ext 10 11.27 1.50 0.46 . . . 
10/19/2014 3 ctrl 1 5.53 1.31 2.00 0.10 1.16 13.82 
10/19/2014 3 ctrl 2 5.23 1.75 0.95 . . . 
10/19/2014 3 ctrl 3 4.71 1.86 0.81 . . . 
10/19/2014 3 ctrl 4 8.29 1.68 0.41 . . . 
10/19/2014 3 ctrl 5 3.71 1.93 0.50 . . . 
10/19/2014 3 ctrl 6 7.30 1.77 0.30 . . . 
10/19/2014 3 ctrl 7 4.14 1.86 0.23 . . . 
10/19/2014 3 ctrl 8 3.22 1.51 0.33 . . . 
10/19/2014 3 ctrl 9 2.28 1.84 0.26 . . . 
10/19/2014 3 amb 1 35.61 0.76 7.69 0.45 5.05 13.14 
10/19/2014 3 amb 2 12.22 1.79 2.64 . . . 
10/19/2014 3 amb 3 6.96 1.44 0.86 . . . 
10/19/2014 3 amb 4 35.59 1.05 5.32 . . . 
10/19/2014 3 amb 5 32.14 1.02 4.74 . . . 
10/19/2014 3 amb 6 18.94 1.63 2.39 . . . 
10/19/2014 3 amb 7 8.37 1.64 0.35 . . . 
10/19/2014 3 amb 8 5.71 1.70 0.67 . . . 
10/19/2014 3 amb 9 4.02 1.48 0.80 . . . 
10/19/2014 3 amb 10 5.17 1.23 0.55 . . . 
10/19/2014 3 wet 1 9.06 0.81 3.10 0.14 1.63 13.60 
10/19/2014 3 wet 2 5.53 1.76 0.78 . . . 
10/19/2014 3 wet 3 5.12 1.39 0.50 . . . 
10/19/2014 3 wet 4 4.03 1.62 0.61 . . . 
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10/19/2014 3 wet 5 2.47 1.85 0.29 . . . 
10/19/2014 3 wet 6 2.98 1.71 0.32 . . . 
10/19/2014 3 wet 7 3.13 1.65 0.29 . . . 
10/19/2014 3 wet 8 12.20 1.68 0.29 . . . 
10/19/2014 3 wet 9 9.79 1.61 1.30 . . . 
10/19/2014 3 wet 10 24.64 1.19 3.09 . . . 
10/19/2014 3 dry 1 26.51 1.30 7.10 0.24 2.93 13.98 
10/19/2014 3 dry 2 7.64 1.73 1.00 . . . 
10/19/2014 3 dry 3 10.28 1.46 1.29 . . . 
10/19/2014 3 dry 4 30.31 1.29 . . . . 
10/19/2014 3 dry 5 15.28 1.77 1.54 . . . 
10/19/2014 3 dry 6 11.10 1.66 0.95 . . . 
10/19/2014 3 dry 7 6.93 1.51 0.52 . . . 
10/19/2014 3 dry 8 6.28 1.83 0.58 . . . 
10/19/2014 3 dry 9 6.14 1.76 0.32 . . . 
10/19/2014 3 dry 10 8.22 1.30 0.41 . . . 
10/19/2014 3 ext 1 57.25 0.50 21.55 0.78 9.26 13.76 
10/19/2014 3 ext 2 55.78 0.53 15.03 . . . 
10/19/2014 3 ext 3 19.28 1.34 2.32 . . . 
10/19/2014 3 ext 4 10.48 1.32 1.20 . . . 
10/19/2014 3 ext 5 37.00 1.11 5.47 . . . 
10/19/2014 3 ext 6 16.51 1.73 1.40 . . . 
10/19/2014 3 ext 7 8.52 1.64 0.81 . . . 
10/19/2014 3 ext 8 7.60 1.85 0.47 . . . 
10/19/2014 3 ext 9 5.86 1.37 0.41 . . . 
10/19/2014 3 ext 10 5.27 1.03 0.32 . . . 
5/22/2015 1 ctrl 1 64.11 0.16 53.80 1.82 26.27 16.86 
5/22/2015 1 ctrl 2 82.33 0.18 57.39 . . . 
5/22/2015 1 ctrl 3 84.11 0.19 62.61 . . . 
5/22/2015 1 ctrl 4 84.32 0.16 45.71 . . . 
5/22/2015 1 ctrl 5 85.68 0.16 56.68 . . . 
5/22/2015 1 ctrl 6 80.74 0.17 48.45 . . . 
5/22/2015 1 ctrl 7 80.29 0.22 49.16 . . . 
5/22/2015 1 ctrl 8 78.35 0.24 40.87 . . . 
5/22/2015 1 ctrl 9 80.00 0.24 45.68 . . . 
5/22/2015 1 ctrl 10 82.98 0.20 50.54 . . . 
5/22/2015 1 ctrl 11 82.56 0.20 48.12 . . . 
5/22/2015 1 ctrl 12 83.34 0.18 49.77 . . . 
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5/22/2015 1 amb 1 81.00 0.16 56.05 1.75 25.90 17.31 
5/22/2015 1 amb 2 84.29 0.21 58.33 . . . 
5/22/2015 1 amb 3 87.20 0.18 58.95 . . . 
5/22/2015 1 amb 4 83.93 0.21 37.86 . . . 
5/22/2015 1 amb 5 82.57 0.21 43.55 . . . 
5/22/2015 1 amb 6 62.54 0.60 16.56 . . . 
5/22/2015 1 amb 7 69.72 0.41 28.66 . . . 
5/22/2015 1 amb 8 72.74 0.33 31.01 . . . 
5/22/2015 1 amb 9 77.10 0.28 37.11 . . . 
5/22/2015 1 wet 1 82.40 0.16 57.69 1.85 26.97 16.98 
5/22/2015 1 wet 2 84.13 0.21 57.53 . . . 
5/22/2015 1 wet 3 85.43 0.16 57.23 . . . 
5/22/2015 1 wet 4 85.51 0.14 45.52 . . . 
5/22/2015 1 wet 5 84.63 0.20 49.72 . . . 
5/22/2015 1 wet 6 79.23 0.26 42.51 . . . 
5/22/2015 1 wet 7 78.78 0.22 36.49 . . . 
5/22/2015 1 wet 8 74.73 0.39 31.22 . . . 
5/22/2015 1 wet 9 82.89 0.23 51.13 . . . 
5/22/2015 1 wet 10 80.77 0.22 45.86 . . . 
5/22/2015 1 dry 1 82.90 0.18 55.63 1.73 26.74 18.01 
5/22/2015 1 dry 2 84.21 0.19 61.48 . . . 
5/22/2015 1 dry 3 84.98 0.18 58.54 . . . 
5/22/2015 1 dry 4 85.78 0.17 54.99 . . . 
5/22/2015 1 dry 5 82.01 0.21 48.18 . . . 
5/22/2015 1 dry 6 80.12 0.22 40.44 . . . 
5/22/2015 1 dry 7 76.94 0.28 34.19 . . . 
5/22/2015 1 dry 8 78.59 0.28 39.94 . . . 
5/22/2015 1 dry 9 80.14 0.26 44.69 . . . 
5/22/2015 1 dry 10 81.07 0.25 47.69 . . . 
5/22/2015 1 ext 1 81.24 0.18 55.69 1.88 27.13 16.79 
5/22/2015 1 ext 2 83.05 0.19 60.41 . . . 
5/22/2015 1 ext 3 79.06 0.27 51.87 . . . 
5/22/2015 1 ext 4 73.61 0.36 17.36 . . . 
5/22/2015 1 ext 5 85.01 0.18 53.42 . . . 
5/22/2015 1 ext 6 78.95 0.27 40.96 . . . 
5/22/2015 1 ext 7 69.16 0.42 28.19 . . . 
5/22/2015 1 ext 8 75.33 0.34 40.31 . . . 
5/22/2015 1 ext 9 79.21 0.29 42.37 . . . 
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5/22/2015 1 ext 10 80.19 0.27 43.15 . . . 
5/22/2015 2 ctrl 1 81.17 0.20 45.81 1.38 20.45 17.26 
5/22/2015 2 ctrl 2 83.08 0.22 42.64 . . . 
5/22/2015 2 ctrl 3 83.79 0.21 38.64 . . . 
5/22/2015 2 ctrl 4 83.96 0.19 37.16 . . . 
5/22/2015 2 ctrl 5 82.32 0.21 32.81 . . . 
5/22/2015 2 ctrl 6 84.13 0.20 36.79 . . . 
5/22/2015 2 ctrl 7 82.69 0.21 36.16 . . . 
5/22/2015 2 ctrl 8 85.87 0.16 41.55 . . . 
5/22/2015 2 ctrl 9 85.27 0.17 38.01 . . . 
5/22/2015 2 ctrl 10 86.38 0.13 36.01 . . . 
5/22/2015 2 amb 1 82.57 0.21 47.38 1.50 22.04 17.19 
5/22/2015 2 amb 2 83.18 0.22 49.98 . . . 
5/22/2015 2 amb 3 83.46 0.21 44.15 . . . 
5/22/2015 2 amb 4 82.50 0.22 40.29 . . . 
5/22/2015 2 amb 5 83.87 0.20 42.48 . . . 
5/22/2015 2 amb 6 83.68 0.20 39.63 . . . 
5/22/2015 2 amb 7 85.77 0.15 39.83 . . . 
5/22/2015 2 amb 8 85.30 0.20 35.87 . . . 
5/22/2015 2 amb 9 85.10 0.17 38.63 . . . 
5/22/2015 2 amb 10 76.39 0.30 29.93 . . . 
5/22/2015 2 amb 11 77.06 0.25 28.39 . . . 
5/22/2015 2 wet 1 85.05 0.19 44.44 1.37 20.40 17.37 
5/22/2015 2 wet 2 84.22 0.17 45.42 . . . 
5/22/2015 2 wet 3 83.19 0.25 40.50 . . . 
5/22/2015 2 wet 4 81.65 0.24 31.52 . . . 
5/22/2015 2 wet 5 82.40 0.21 33.76 . . . 
5/22/2015 2 wet 6 82.86 0.19 34.25 . . . 
5/22/2015 2 wet 7 81.27 0.26 36.06 . . . 
5/22/2015 2 dry 1 82.29 0.14 44.42 1.39 21.17 17.71 
5/22/2015 2 dry 2 83.99 0.19 44.21 . . . 
5/22/2015 2 dry 3 84.20 0.20 43.57 . . . 
5/22/2015 2 dry 4 83.61 0.17 41.40 . . . 
5/22/2015 2 dry 5 82.52 0.17 38.88 . . . 
5/22/2015 2 dry 6 85.43 0.11 40.35 . . . 
5/22/2015 2 dry 7 84.53 0.14 38.31 . . . 
5/22/2015 2 dry 8 85.51 0.12 38.81 . . . 
5/22/2015 2 ext 1 82.01 0.16 52.16 1.49 22.03 17.29 
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5/22/2015 2 ext 2 83.47 0.22 49.79 . . . 
5/22/2015 2 ext 3 83.07 0.20 47.47 . . . 
5/22/2015 2 ext 4 83.07 0.20 40.74 . . . 
5/22/2015 2 ext 5 82.62 0.22 37.71 . . . 
5/22/2015 2 ext 6 83.46 0.19 31.82 . . . 
5/22/2015 2 ext 7 83.37 0.20 35.44 . . . 
5/22/2015 3 ctrl 1 84.02 0.16 53.71 1.79 25.29 16.48 
5/22/2015 3 ctrl 2 85.99 0.16 49.68 . . . 
5/22/2015 3 ctrl 3 84.40 0.18 46.48 . . . 
5/22/2015 3 ctrl 4 82.09 0.21 41.56 . . . 
5/22/2015 3 ctrl 5 84.63 0.16 45.24 . . . 
5/22/2015 3 ctrl 6 75.85 0.32 33.52 . . . 
5/22/2015 3 ctrl 7 77.40 0.26 34.39 . . . 
5/22/2015 3 ctrl 8 80.67 0.13 37.96 . . . 
5/22/2015 3 ctrl 9 79.27 0.26 42.94 . . . 
5/22/2015 3 ctrl 10 77.49 0.28 30.90 . . . 
5/22/2015 3 amb 1 84.54 0.16 56.28 1.78 27.17 17.77 
5/22/2015 3 amb 2 85.50 0.19 51.27 . . . 
5/22/2015 3 amb 3 84.15 0.20 48.00 . . . 
5/22/2015 3 amb 4 82.16 0.22 42.11 . . . 
5/22/2015 3 amb 5 83.67 0.18 42.17 . . . 
5/22/2015 3 amb 6 84.28 0.12 38.90 . . . 
5/22/2015 3 amb 7 73.14 0.38 29.24 . . . 
5/22/2015 3 amb 8 78.85 0.28 37.94 . . . 
5/22/2015 3 amb 9 74.02 0.37 26.53 . . . 
5/22/2015 3 amb 10 82.38 0.21 36.47 . . . 
5/22/2015 3 wet 1 81.74 0.20 48.56 1.55 22.95 17.32 
5/22/2015 3 wet 2 83.04 0.23 46.34 . . . 
5/22/2015 3 wet 3 81.48 0.25 44.23 . . . 
5/22/2015 3 wet 4 81.26 0.23 39.05 . . . 
5/22/2015 3 wet 5 84.28 0.18 44.67 . . . 
5/22/2015 3 wet 6 82.19 0.17 41.05 . . . 
5/22/2015 3 wet 7 75.65 0.31 31.70 . . . 
5/22/2015 3 wet 8 74.42 0.34 32.31 . . . 
5/22/2015 3 wet 9 75.15 0.32 32.06 . . . 
5/22/2015 3 wet 10 80.59 0.09 39.81 . . . 
5/22/2015 3 dry 1 83.73 0.21 50.70 1.68 24.67 17.17 
5/22/2015 3 dry 2 85.34 0.19 52.91 . . . 
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5/22/2015 3 dry 3 84.06 0.22 51.84 . . . 
5/22/2015 3 dry 4 81.97 0.20 36.76 . . . 
5/22/2015 3 dry 5 82.67 0.21 39.63 . . . 
5/22/2015 3 dry 6 68.99 0.46 45.25 . . . 
5/22/2015 3 dry 7 77.38 0.25 36.97 . . . 
5/22/2015 3 ext 1 83.69 0.17 52.65 1.78 25.68 16.82 
5/22/2015 3 ext 2 84.26 0.20 47.11 . . . 
5/22/2015 3 ext 3 83.81 0.22 45.29 . . . 
5/22/2015 3 ext 4 83.06 0.23 43.86 . . . 
5/22/2015 3 ext 5 83.13 0.19 41.34 . . . 
5/22/2015 3 ext 6 86.28 0.18 44.99 . . . 
5/22/2015 3 ext 7 82.26 0.23 35.62 . . . 
10/4/2015 1 ctrl 1 81.15 0.18 53.21 1.86 26.21 16.41 
10/4/2015 1 ctrl 2 82.23 0.19 48.96 . . . 
10/4/2015 1 ctrl 3 83.34 0.18 62.65 . . . 
10/4/2015 1 ctrl 4 84.22 0.17 58.00 . . . 
10/4/2015 1 ctrl 5 82.30 0.19 61.11 . . . 
10/4/2015 1 ctrl 6 78.71 0.24 42.72 . . . 
10/4/2015 1 ctrl 7 76.32 0.27 34.27 . . . 
10/4/2015 1 ctrl 8 76.67 0.23 37.08 . . . 
10/4/2015 1 ctrl 9 80.03 0.05 46.35 . . . 
10/4/2015 1 amb 1 81.51 0.18 52.52 1.78 26.25 17.22 
10/4/2015 1 amb 2 84.03 0.17 54.38 . . . 
10/4/2015 1 amb 3 85.55 0.15 57.04 . . . 
10/4/2015 1 amb 4 86.73 0.13 52.21 . . . 
10/4/2015 1 amb 5 83.51 0.18 33.25 . . . 
10/4/2015 1 amb 6 79.89 0.22 39.18 . . . 
10/4/2015 1 amb 7 81.08 0.22 13.33 . . . 
10/4/2015 1 amb 8 79.30 0.24 41.46 . . . 
10/4/2015 1 amb 9 73.89 0.29 28.40 . . . 
10/4/2015 1 amb 10 73.93 0.06 30.68 . . . 
10/4/2015 1 wet 1 82.29 0.16 54.09 1.61 24.30 17.56 
10/4/2015 1 wet 2 83.15 0.17 57.56 . . . 
10/4/2015 1 wet 3 84.28 0.14 59.39 . . . 
10/4/2015 1 wet 4 85.83 0.14 56.13 . . . 
10/4/2015 1 wet 5 86.12 0.15 43.69 . . . 
10/4/2015 1 wet 6 84.80 0.17 45.49 . . . 
10/4/2015 1 wet 7 78.90 0.26 41.43 . . . 
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10/4/2015 1 wet 8 74.29 0.36 30.56 . . . 
10/4/2015 1 wet 9 76.35 0.28 33.33 . . . 
10/4/2015 1 wet 10 79.68 0.11 44.44 . . . 
10/4/2015 1 dry 1 81.28 0.18 53.21 1.73 25.98 17.49 
10/4/2015 1 dry 2 82.91 0.18 54.29 . . . 
10/4/2015 1 dry 3 84.08 0.16 58.85 . . . 
10/4/2015 1 dry 4 84.13 0.18 54.57 . . . 
10/4/2015 1 dry 5 84.22 0.16 47.96 . . . 
10/4/2015 1 dry 6 74.70 0.28 42.56 . . . 
10/4/2015 1 dry 7 76.77 0.25 37.77 . . . 
10/4/2015 1 dry 8 77.37 0.28 37.84 . . . 
10/4/2015 1 dry 9 79.63 0.21 40.48 . . . 
10/4/2015 1 dry 10 81.13 0.22 45.01 . . . 
10/4/2015 1 dry 11 83.11 0.14 54.65 . . . 
10/4/2015 1 ext 1 81.70 0.15 54.10 1.84 26.48 16.78 
10/4/2015 1 ext 2 82.15 0.20 50.91 . . . 
10/4/2015 1 ext 3 81.44 0.20 51.75 . . . 
10/4/2015 1 ext 4 62.51 0.49 21.83 . . . 
10/4/2015 1 ext 5 80.71 0.21 49.89 . . . 
10/4/2015 1 ext 6 80.60 0.21 55.26 . . . 
10/4/2015 1 ext 7 79.88 0.19 47.84 . . . 
10/4/2015 1 ext 8 70.20 0.33 21.24 . . . 
10/4/2015 1 ext 9 63.61 0.29 20.39 . . . 
10/4/2015 2 ctrl 1 80.15 0.19 47.54 1.40 22.83 18.97 
10/4/2015 2 ctrl 2 81.83 0.18 44.91 . . . 
10/4/2015 2 ctrl 3 83.84 0.14 48.26 . . . 
10/4/2015 2 ctrl 4 82.48 0.19 49.35 . . . 
10/4/2015 2 ctrl 5 79.14 0.23 38.70 . . . 
10/4/2015 2 ctrl 6 81.77 0.14 43.79 . . . 
10/4/2015 2 ctrl 7 84.45 0.15 40.15 . . . 
10/4/2015 2 ctrl 8 86.16 0.03 47.71 . . . 
10/4/2015 2 amb 1 81.72 0.19 51.80 1.49 23.76 18.64 
10/4/2015 2 amb 2 82.46 0.20 47.06 . . . 
10/4/2015 2 amb 3 82.76 0.18 43.04 . . . 
10/4/2015 2 amb 4 82.61 0.20 39.43 . . . 
10/4/2015 2 amb 5 81.54 0.21 39.51 . . . 
10/4/2015 2 amb 6 83.03 0.19 38.77 . . . 
10/4/2015 2 amb 7 81.41 0.20 40.05 . . . 
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10/4/2015 2 amb 8 81.65 0.15 34.51 . . . 
10/4/2015 2 wet 1 80.39 0.16 46.59 1.52 23.19 17.85 
10/4/2015 2 wet 2 82.60 0.19 44.02 . . . 
10/4/2015 2 wet 3 83.42 0.14 45.65 . . . 
10/4/2015 2 wet 4 83.01 0.17 46.42 . . . 
10/4/2015 2 wet 5 81.11 0.20 41.15 . . . 
10/4/2015 2 wet 6 80.32 0.19 31.12 . . . 
10/4/2015 2 wet 7 82.17 0.11 40.44 . . . 
10/4/2015 2 wet 8 82.08 0.11 39.04 . . . 
10/4/2015 2 wet 9 82.87 0.13 37.38 . . . 
10/4/2015 2 wet 10 82.55 0.04 36.93 . . . 
10/4/2015 2 dry 1 81.03 0.17 48.68 1.50 23.36 18.12 
10/4/2015 2 dry 2 84.06 0.16 52.65 . . . 
10/4/2015 2 dry 3 83.78 0.17 42.32 . . . 
10/4/2015 2 dry 4 83.42 0.17 38.92 . . . 
10/4/2015 2 dry 5 81.73 0.21 38.37 . . . 
10/4/2015 2 dry 6 80.84 0.20 30.31 . . . 
10/4/2015 2 dry 7 82.23 0.16 39.45 . . . 
10/4/2015 2 dry 8 81.66 0.15 35.42 . . . 
10/4/2015 2 dry 9 81.56 0.07 43.83 . . . 
10/4/2015 2 ext 1 80.85 0.18 48.55 1.51 22.55 17.40 
10/4/2015 2 ext 2 81.37 0.20 41.57 . . . 
10/4/2015 2 ext 3 83.16 0.19 49.44 . . . 
10/4/2015 2 ext 4 82.31 0.20 39.59 . . . 
10/4/2015 2 ext 5 81.01 0.22 34.47 . . . 
10/4/2015 2 ext 6 79.94 0.24 31.55 . . . 
10/4/2015 2 ext 7 79.75 0.21 26.25 . . . 
10/4/2015 2 ext 8 81.91 0.16 29.34 . . . 
10/4/2015 2 ext 9 80.76 0.09 31.95 . . . 
10/4/2015 3 ctrl 1 82.61 0.16 53.81 1.72 25.07 17.00 
10/4/2015 3 ctrl 2 83.87 0.17 55.04 . . . 
10/4/2015 3 ctrl 3 84.33 0.16 44.01 . . . 
10/4/2015 3 ctrl 4 81.74 0.20 42.84 . . . 
10/4/2015 3 ctrl 5 79.59 0.22 37.09 . . . 
10/4/2015 3 ctrl 6 81.71 0.19 38.04 . . . 
10/4/2015 3 ctrl 7 71.92 0.36 27.63 . . . 
10/4/2015 3 ctrl 8 75.94 0.27 36.41 . . . 
10/4/2015 3 ctrl 9 79.48 0.17 48.69 . . . 
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10/4/2015 3 ctrl 10 80.50 0.07 45.19 . . . 
10/4/2015 3 amb 1 82.88 0.17 54.50 1.70 26.64 18.29 
10/4/2015 3 amb 2 84.59 0.17 49.22 . . . 
10/4/2015 3 amb 3 83.47 0.17 44.98 . . . 
10/4/2015 3 amb 4 82.06 0.20 46.90 . . . 
10/4/2015 3 amb 5 80.32 0.23 36.73 . . . 
10/4/2015 3 amb 6 81.88 0.18 38.19 . . . 
10/4/2015 3 amb 7 75.22 0.29 29.79 . . . 
10/4/2015 3 amb 8 76.18 0.32 34.40 . . . 
10/4/2015 3 amb 9 78.31 0.25 42.06 . . . 
10/4/2015 3 amb 10 78.59 0.24 34.64 . . . 
10/4/2015 3 wet 1 79.64 0.21 48.98 1.61 23.40 16.98 
10/4/2015 3 wet 2 80.70 0.23 43.32 . . . 
10/4/2015 3 wet 3 80.94 0.19 44.81 . . . 
10/4/2015 3 wet 4 80.06 0.24 38.75 . . . 
10/4/2015 3 wet 5 80.52 0.19 34.67 . . . 
10/4/2015 3 wet 6 83.01 0.19 41.15 . . . 
10/4/2015 3 wet 7 79.80 0.22 38.92 . . . 
10/4/2015 3 wet 8 74.02 0.32 30.66 . . . 
10/4/2015 3 wet 9 75.79 0.28 35.79 . . . 
10/4/2015 3 wet 10 75.77 0.19 30.86 . . . 
10/4/2015 3 dry 1 82.41 0.15 52.69 1.65 25.51 18.00 
10/4/2015 3 dry 2 82.78 0.18 49.42 . . . 
10/4/2015 3 dry 3 82.94 0.18 56.87 . . . 
10/4/2015 3 dry 4 81.71 0.19 53.81 . . . 
10/4/2015 3 dry 5 79.97 0.22 39.44 . . . 
10/4/2015 3 dry 6 82.43 0.19 44.41 . . . 
10/4/2015 3 dry 7 67.58 0.41 23.84 . . . 
10/4/2015 3 dry 8 76.22 0.27 36.86 . . . 
10/4/2015 3 dry 9 76.26 0.24 31.02 . . . 
10/4/2015 3 dry 10 77.06 0.20 35.10 . . . 
10/4/2015 3 ext 1 82.83 0.18 51.73 1.80 27.18 17.61 
10/4/2015 3 ext 2 83.69 0.17 45.51 . . . 
10/4/2015 3 ext 3 83.78 0.17 44.64 . . . 
10/4/2015 3 ext 4 82.77 0.20 44.20 . . . 
10/4/2015 3 ext 5 82.86 0.19 41.65 . . . 
10/4/2015 3 ext 6 79.98 0.25 31.01 . . . 
10/4/2015 3 ext 7 80.73 0.22 31.86 . . . 
 380 
10/4/2015 3 ext 8 85.78 0.14 45.35 . . . 
10/4/2015 3 ext 9 83.83 0.12 35.22 . . . 
10/4/2015 3 ext 10 79.76 0.04 35.33 . . . 
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Table G.9 Aboveground biomass data for Chapter 3 
Site Date Block Treatment Species 
Aboveground  
Biomass (g m-2) 
Sandy 10/1/2014 1 ctrl Puccinellia spp. 517.7 
Sandy 10/1/2014 1 ctrl Spartina patens 396.7 
Sandy 10/1/2014 1 amb Spartina patens 647.7 
Sandy 10/1/2014 1 amb Puccinellia spp. 187.3 
Sandy 10/1/2014 1 wet Spartina patens 608.2 
Sandy 10/1/2014 1 wet Puccinellia spp. 9.24 
Sandy 10/1/2014 1 wet Spartina alterniflora 7.36 
Sandy 10/1/2014 1 dry Spartina patens 658.6 
Sandy 10/1/2014 1 dry Spartina alterniflora 6.22 
Sandy 10/1/2014 1 dry Distichlis spicata 0.37 
Sandy 10/1/2014 1 ext Spartina patens 723.4 
Sandy 10/1/2014 1 ext Puccinellia spp. 171.2 
Sandy 10/1/2014 1 ext Salicornia spp. 0.27 
Sandy 10/1/2014 2 ctrl Spartina patens 947.4 
Sandy 10/1/2014 2 amb Spartina patens 733.4 
Sandy 10/1/2014 2 wet Spartina patens 600.0 
Sandy 10/1/2014 2 wet Puccinellia spp. 103.3 
Sandy 10/1/2014 2 wet Sueda linearis 19.19 
Sandy 10/1/2014 2 dry Spartina patens 737.1 
Sandy 10/1/2014 2 dry Puccinellia spp. 23.07 
Sandy 10/1/2014 2 dry Spartina alterniflora 2.06 
Sandy 10/1/2014 2 ext Spartina patens 908.2 
Sandy 10/1/2014 3 ctrl Spartina patens 685.6 
Sandy 10/1/2014 3 ctrl Puccinellia spp. 6.04 
Sandy 10/1/2014 3 amb Spartina patens 414.3 
Sandy 10/1/2014 3 amb Puccinellia spp. 212.5 
Sandy 10/1/2014 3 amb Spartina alterniflora 146.9 
Sandy 10/1/2014 3 amb Limonium caroliniarum 7.47 
Sandy 10/1/2014 3 wet Spartina patens 707.2 
Sandy 10/1/2014 3 wet Puccinellia spp. 120.6 
Sandy 10/1/2014 3 wet Salicornia spp. 0.66 
Sandy 10/1/2014 3 dry Spartina patens 493.1 
Sandy 10/1/2014 3 dry Puccinellia spp. 71.30 
Sandy 10/1/2014 3 dry Spartina alterniflora 36.42 
Sandy 10/1/2014 3 dry Limonium caroliniarum 1.14 
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Sandy 10/1/2014 3 ext Spartina patens 902.7 
Sandy 10/1/2014 3 ext Puccinellia spp. 17.38 
Sandy 10/1/2014 3 ext Salicornia spp. 1.09 
Peaty 10/3/2015 1 ctrl Spartina patens 851.1 
Peaty 10/3/2015 1 ctrl Distichlis spicata 145.2 
Peaty 10/3/2015 1 amb Spartina patens 712.2 
Peaty 10/3/2015 1 amb Distichlis spicata 134.6 
Peaty 10/3/2015 1 wet Spartina patens 741.5 
Peaty 10/3/2015 1 wet Distichlis spicata 139.9 
Peaty 10/3/2015 1 dry Spartina patens 867.4 
Peaty 10/3/2015 1 dry Distichlis spicata 93.36 
Peaty 10/3/2015 1 ext Spartina patens 821.5 
Peaty 10/3/2015 1 ext Distichlis spicata 172.2 
Peaty 10/3/2015 2 ctrl Spartina patens 642.5 
Peaty 10/3/2015 2 ctrl Distichlis spicata 111.4 
Peaty 10/3/2015 2 amb Spartina patens 705.5 
Peaty 10/3/2015 2 amb Distichlis spicata 239.6 
Peaty 10/3/2015 2 wet Spartina patens 527.8 
Peaty 10/3/2015 2 wet Distichlis spicata 129.8 
Peaty 10/3/2015 2 dry Spartina patens 845.8 
Peaty 10/3/2015 2 dry Distichlis spicata 207.6 
Peaty 10/3/2015 2 ext Spartina patens 688.4 
Peaty 10/3/2015 2 ext Distichlis spicata 51.28 
Peaty 10/3/2015 3 ctrl Spartina patens 346.5 
Peaty 10/3/2015 3 ctrl Distichlis spicata 195.6 
Peaty 10/3/2015 3 amb Spartina patens 706.6 
Peaty 10/3/2015 3 amb Distichlis spicata 89.52 
Peaty 10/3/2015 3 wet Spartina patens 606.8 
Peaty 10/3/2015 3 wet Distichlis spicata 125.4 
Peaty 10/3/2015 3 dry Spartina patens 644.2 
Peaty 10/3/2015 3 dry Distichlis spicata 132.2 
Peaty 10/3/2015 3 ext Spartina patens 774.0 
Peaty 10/3/2015 3 ext Distichlis spicata 223.0 
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Table G.10 Belowground biomass data for Chapter 3 
Site Date Block Treatment Biomass (g) 
Sandy 10/1/2014 1 ctrl 0.63 
Sandy 10/1/2014 1 amb 0.84 
Sandy 10/1/2014 1 wet 2.80 
Sandy 10/1/2014 1 dry 0.80 
Sandy 10/1/2014 1 ext 0.90 
Sandy 10/1/2014 2 ctrl 0.21 
Sandy 10/1/2014 2 amb 0.34 
Sandy 10/1/2014 2 wet 1.11 
Sandy 10/1/2014 2 dry 2.50 
Sandy 10/1/2014 2 ext 0.08 
Sandy 10/1/2014 3 ctrl 1.88 
Sandy 10/1/2014 3 amb 0.18 
Sandy 10/1/2014 3 wet 0.59 
Sandy 10/1/2014 3 dry 0.56 
Sandy 10/1/2014 3 ext 0.34 
Peaty 10/3/2015 1 ctrl 5.12 
Peaty 10/3/2015 1 amb 6.33 
Peaty 10/3/2015 1 wet 4.07 
Peaty 10/3/2015 1 dry 0.75 
Peaty 10/3/2015 1 ext 6.28 
Peaty 10/3/2015 2 ctrl 4.50 
Peaty 10/3/2015 2 amb 5.10 
Peaty 10/3/2015 2 wet 3.27 
Peaty 10/3/2015 2 dry 3.96 
Peaty 10/3/2015 2 ext 4.04 
Peaty 10/3/2015 3 ctrl 2.53 
Peaty 10/3/2015 3 amb 7.40 
Peaty 10/3/2015 3 wet 5.69 
Peaty 10/3/2015 3 dry 7.04 
Peaty 10/3/2015 3 ext 2.86 
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Table G.11 Litterbag data for Chapter 3 
 
Species codes: 
 A: Spartina alterniflora 
 P: Spartina patens 
 D: Distichlis spicata 
 






Litter mass (g) 
ID 
Placed Retrieved Initial Final 
6/9/2014 7/18/2014 39 1 ctrl A 1.020 0.908 1 
6/9/2014 7/18/2014 39 1 ctrl A 0.982 0.860 2 
5/13/2014 7/18/2014 66 1 amb A 1.023 0.844 1 
5/13/2014 7/18/2014 66 1 amb A 0.996 0.838 2 
5/13/2014 7/18/2014 66 1 wet A 1.020 0.836 1 
5/13/2014 7/18/2014 66 1 wet A 0.981 0.657 2 
5/13/2014 7/18/2014 66 1 dry A 1.041 0.899 1 
5/13/2014 7/18/2014 66 1 dry A 1.038 0.872 2 
5/13/2014 7/18/2014 66 1 ext A 0.957 0.787 1 
5/13/2014 7/18/2014 66 1 ext A 1.027 0.840 2 
6/9/2014 7/18/2014 39 2 ctrl A 0.971 0.794 1 
6/9/2014 7/18/2014 39 2 ctrl A 0.986 0.774 2 
5/13/2014 7/18/2014 66 2 amb A 1.003 0.840 1 
5/13/2014 7/18/2014 66 2 amb A 1.042 0.936 2 
5/13/2014 7/18/2014 66 2 wet A 0.972 0.773 1 
5/13/2014 7/18/2014 66 2 wet A 1.004 0.849 2 
5/13/2014 7/18/2014 66 2 dry A 1.037 0.888 1 
5/13/2014 7/18/2014 66 2 dry A 1.015 0.849 2 
5/13/2014 7/18/2014 66 2 ext A 0.976 0.786 1 
5/13/2014 7/18/2014 66 2 ext A 0.974 0.766 2 
6/9/2014 7/18/2014 39 3 ctrl A 1.046 0.808 1 
6/9/2014 7/18/2014 39 3 ctrl A 1.032 0.869 2 
5/13/2014 7/18/2014 66 3 amb A 0.958 0.787 1 
5/13/2014 7/18/2014 66 3 amb A 0.959 0.780 2 
5/13/2014 7/18/2014 66 3 wet A 0.988 0.787 1 
5/13/2014 7/18/2014 66 3 wet A 1.034 0.886 2 
5/13/2014 7/18/2014 66 3 wet A 1.021 0.838 3 
5/13/2014 7/18/2014 66 3 dry A 1.026 0.922 1 
5/13/2014 7/18/2014 66 3 dry A 0.994 0.764 2 
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5/13/2014 7/18/2014 66 3 ext A 1.009 0.835 1 
6/9/2014 7/18/2014 39 1 ctrl P 1.033 0.944 1 
6/9/2014 7/18/2014 39 1 ctrl P 1.020 0.902 2 
5/13/2014 7/18/2014 66 1 amb P 1.010 0.889 1 
5/13/2014 7/18/2014 66 1 amb P 1.016 0.899 2 
5/13/2014 7/18/2014 66 1 wet P 0.995 0.883 1 
5/13/2014 7/18/2014 66 1 wet P 0.997 0.860 2 
5/13/2014 7/18/2014 66 1 dry P 1.036 0.909 1 
5/13/2014 7/18/2014 66 1 dry P 1.019 0.877 2 
5/13/2014 7/18/2014 66 1 ext P 1.021 0.875 1 
5/13/2014 7/18/2014 66 1 ext P 0.982 0.786 2 
6/9/2014 7/18/2014 39 2 ctrl P 1.000 0.922 1 
6/9/2014 7/18/2014 39 2 ctrl P 0.992 0.901 2 
5/13/2014 7/18/2014 66 2 amb P 1.021 0.890 1 
5/13/2014 7/18/2014 66 2 amb P 1.030 0.854 2 
5/13/2014 7/18/2014 66 2 wet P 1.015 0.902 1 
5/13/2014 7/18/2014 66 2 wet P 0.994 0.874 2 
5/13/2014 7/18/2014 66 2 dry P 1.006 0.911 1 
5/13/2014 7/18/2014 66 2 dry P 0.989 0.853 2 
5/13/2014 7/18/2014 66 2 ext P 1.051 0.877 1 
5/13/2014 7/18/2014 66 2 ext P 1.050 0.916 2 
6/9/2014 7/18/2014 39 3 ctrl P 1.033 0.904 1 
6/9/2014 7/18/2014 39 3 ctrl P 0.967 0.846 2 
5/13/2014 7/18/2014 66 3 amb P 1.023 0.907 1 
5/13/2014 7/18/2014 66 3 amb P 1.028 0.913 2 
5/13/2014 7/18/2014 66 3 wet P 1.000 0.859 1 
5/13/2014 7/18/2014 66 3 dry P 0.972 0.842 1 
5/13/2014 7/18/2014 66 3 dry P 0.991 0.857 2 
5/13/2014 7/18/2014 66 3 ext P 0.974 0.845 1 
5/13/2014 7/18/2014 66 3 ext P 0.994 0.898 2 
5/13/2014 7/18/2014 66 3 ext P 1.020 0.850 3 
6/9/2014 9/21/2014 104 1 ctrl A 1.030 0.759 1 
6/9/2014 9/21/2014 104 1 ctrl A 1.015 0.771 2 
5/13/2014 9/21/2014 131 1 amb A 0.997 0.721 1 
5/13/2014 9/21/2014 131 1 amb A 1.029 0.690 2 
5/13/2014 9/21/2014 131 1 wet A 0.973 0.775 1 
5/13/2014 9/21/2014 131 1 wet A 0.985 0.664 2 
5/13/2014 9/21/2014 131 1 dry A 0.992 0.662 1 
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5/13/2014 9/21/2014 131 1 dry A 0.977 0.635 2 
5/13/2014 9/21/2014 131 1 ext A 1.015 0.737 1 
5/13/2014 9/21/2014 131 1 ext A 0.970 0.611 2 
6/9/2014 9/21/2014 104 2 ctrl A 0.991 0.700 1 
6/9/2014 9/21/2014 104 2 ctrl A 0.979 0.736 2 
5/13/2014 9/21/2014 131 2 amb A 1.022 0.726 1 
5/13/2014 9/21/2014 131 2 amb A 1.034 0.797 2 
5/13/2014 9/21/2014 131 2 wet A 1.007 0.643 1 
5/13/2014 9/21/2014 131 2 wet A 1.008 0.720 2 
5/13/2014 9/21/2014 131 2 dry A 0.981 0.595 1 
5/13/2014 9/21/2014 131 2 dry A 0.974 0.682 2 
5/13/2014 9/21/2014 131 2 ext A 0.974 0.705 1 
5/13/2014 9/21/2014 131 2 ext A 1.015 0.629 2 
6/9/2014 9/21/2014 104 3 ctrl A 1.042 0.691 1 
6/9/2014 9/21/2014 104 3 ctrl A 0.994 0.768 2 
5/13/2014 9/21/2014 131 3 amb A 1.041 0.843 1 
5/13/2014 9/21/2014 131 3 amb A 0.959 0.716 2 
5/13/2014 9/21/2014 131 3 wet A 1.011 0.664 1 
5/13/2014 9/21/2014 131 3 dry A 0.977 0.791 1 
5/13/2014 9/21/2014 131 3 dry A 0.970 0.710 2 
5/13/2014 9/21/2014 131 3 ext A 1.006 0.750 1 
5/13/2014 9/21/2014 131 3 ext A 1.028 0.678 2 
6/9/2014 9/21/2014 104 1 ctrl P 1.002 0.808 1 
6/9/2014 9/21/2014 104 1 ctrl P 1.001 0.743 2 
5/13/2014 9/21/2014 131 1 amb P 1.031 0.758 1 
5/13/2014 9/21/2014 131 1 amb P 1.026 0.752 2 
5/13/2014 9/21/2014 131 1 wet P 0.981 0.801 1 
5/13/2014 9/21/2014 131 1 wet P 0.984 0.806 2 
5/13/2014 9/21/2014 131 1 dry P 1.002 0.781 1 
5/13/2014 9/21/2014 131 1 dry P 1.012 0.804 2 
5/13/2014 9/21/2014 131 1 ext P 1.006 0.806 1 
5/13/2014 9/21/2014 131 1 ext P 1.006 0.786 2 
6/9/2014 9/21/2014 104 2 ctrl P 1.012 0.761 1 
6/9/2014 9/21/2014 104 2 ctrl P 1.024 0.811 2 
5/13/2014 9/21/2014 131 2 amb P 1.018 0.786 1 
5/13/2014 9/21/2014 131 2 amb P 1.007 0.816 2 
5/13/2014 9/21/2014 131 2 wet P 0.977 0.766 1 
5/13/2014 9/21/2014 131 2 wet P 1.025 0.795 2 
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5/13/2014 9/21/2014 131 2 dry P 0.971 0.792 1 
5/13/2014 9/21/2014 131 2 dry P 1.024 0.827 2 
5/13/2014 9/21/2014 131 2 ext P 1.030 0.878 1 
5/13/2014 9/21/2014 131 2 ext P 0.976 0.783 2 
6/9/2014 9/21/2014 104 3 ctrl P 1.070 0.879 1 
6/9/2014 9/21/2014 104 3 ctrl P 1.007 0.809 2 
5/13/2014 9/21/2014 131 3 amb P 1.000 0.831 1 
5/13/2014 9/21/2014 131 3 amb P 0.973 0.773 2 
5/13/2014 9/21/2014 131 3 wet P 0.984 0.852 1 
5/13/2014 9/21/2014 131 3 wet P 1.028 0.861 2 
5/13/2014 9/21/2014 131 3 wet P 1.028 0.855 3 
5/13/2014 9/21/2014 131 3 dry P 1.001 0.832 1 
5/13/2014 9/21/2014 131 3 dry P 1.012 0.827 2 
5/13/2014 9/21/2014 131 3 ext P 1.022 0.773 1 
5/13/2014 9/21/2014 131 3 ext P 1.002 0.788 2 
6/19/2015 7/25/2015 36 1 ctrl A 0.922 0.623 1 
6/19/2015 7/25/2015 36 1 ctrl A 0.958 0.641 2 
6/19/2015 7/25/2015 36 1 amb A 1.028 0.807 1 
6/19/2015 7/25/2015 36 1 amb A 0.864 0.706 2 
6/19/2015 7/25/2015 36 1 wet A 0.973 0.821 1 
6/19/2015 7/25/2015 36 1 wet A 0.925 0.754 2 
6/19/2015 7/25/2015 36 1 dry A 1.134 0.931 1 
6/19/2015 7/25/2015 36 1 dry A 0.851 0.627 2 
6/19/2015 7/25/2015 36 1 ext A 1.147 0.833 1 
6/19/2015 7/25/2015 36 1 ext A 0.953 0.597 2 
6/19/2015 7/25/2015 36 2 ctrl A 0.911 0.673 1 
6/19/2015 7/25/2015 36 2 ctrl A 1.155 0.818 2 
6/19/2015 7/25/2015 36 2 amb A 0.907 0.698 1 
6/19/2015 7/25/2015 36 2 amb A 0.912 0.695 2 
6/19/2015 7/25/2015 36 2 wet A 0.994 0.770 1 
6/19/2015 7/25/2015 36 2 wet A 0.966 0.687 2 
6/19/2015 7/25/2015 36 2 dry A 1.179 0.928 1 
6/19/2015 7/25/2015 36 2 dry A 1.114 0.900 2 
6/19/2015 7/25/2015 36 2 ext A 1.063 0.744 1 
6/19/2015 7/25/2015 36 2 ext A 1.113 0.917 2 
6/19/2015 7/25/2015 36 3 ctrl A 0.967 0.737 1 
6/19/2015 7/25/2015 36 3 ctrl A 1.188 0.912 2 
6/19/2015 7/25/2015 36 3 amb A 0.964 0.779 1 
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6/19/2015 7/25/2015 36 3 amb A 0.835 0.675 2 
6/19/2015 7/25/2015 36 3 wet A 0.872 0.596 1 
6/19/2015 7/25/2015 36 3 wet A 1.047 0.812 2 
6/19/2015 7/25/2015 36 3 dry A 0.931 0.775 1 
6/19/2015 7/25/2015 36 3 dry A 1.116 0.870 2 
6/19/2015 7/25/2015 36 3 ext A 1.000 0.836 1 
6/19/2015 7/25/2015 36 3 ext A 1.151 0.698 2 
6/19/2015 7/25/2015 36 1 ctrl D 0.978 0.770 1 
6/19/2015 7/25/2015 36 1 ctrl D 1.095 0.904 2 
6/19/2015 7/25/2015 36 1 amb D 1.090 0.928 1 
6/19/2015 7/25/2015 36 1 amb D 1.101 0.940 2 
6/19/2015 7/25/2015 36 1 wet D 0.924 0.772 1 
6/19/2015 7/25/2015 36 1 wet D 0.986 0.849 2 
6/19/2015 7/25/2015 36 1 dry D 0.989 0.796 1 
6/19/2015 7/25/2015 36 1 dry D 1.108 0.869 2 
6/19/2015 7/25/2015 36 1 ext D 1.185 0.978 1 
6/19/2015 7/25/2015 36 1 ext D 0.937 0.747 2 
6/19/2015 7/25/2015 36 2 ctrl D 1.115 0.874 1 
6/19/2015 7/25/2015 36 2 ctrl D 0.928 0.518 2 
6/19/2015 7/25/2015 36 2 amb D 1.146 1.015 1 
6/19/2015 7/25/2015 36 2 amb D 1.062 0.631 2 
6/19/2015 7/25/2015 36 2 wet D 0.985 0.801 1 
6/19/2015 7/25/2015 36 2 wet D 1.121 0.974 2 
6/19/2015 7/25/2015 36 2 dry D 1.023 0.808 1 
6/19/2015 7/25/2015 36 2 dry D 1.139 0.962 2 
6/19/2015 7/25/2015 36 2 ext D 1.037 0.776 1 
6/19/2015 7/25/2015 36 2 ext D 1.150 0.871 2 
6/19/2015 7/25/2015 36 3 ctrl D 1.064 0.893 1 
6/19/2015 7/25/2015 36 3 ctrl D 0.923 0.787 2 
6/19/2015 7/25/2015 36 3 amb D 1.150 0.668 1 
6/19/2015 7/25/2015 36 3 amb D 1.046 0.862 2 
6/19/2015 7/25/2015 36 3 wet D 1.109 0.967 1 
6/19/2015 7/25/2015 36 3 wet D 0.886 0.786 2 
6/19/2015 7/25/2015 36 3 dry D 0.921 0.507 1 
6/19/2015 7/25/2015 36 3 dry D 0.981 0.765 2 
6/19/2015 7/25/2015 36 3 ext D 0.965 0.832 1 
6/19/2015 7/25/2015 36 3 ext D 0.958 0.745 2 
6/19/2015 7/25/2015 36 1 ctrl P 1.150 0.948 1 
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6/19/2015 7/25/2015 36 1 ctrl P 1.003 0.840 2 
6/19/2015 7/25/2015 36 1 amb P 1.151 1.031 1 
6/19/2015 7/25/2015 36 1 amb P 0.888 0.754 2 
6/19/2015 7/25/2015 36 1 wet P 0.980 0.848 1 
6/19/2015 7/25/2015 36 1 wet P 1.061 0.903 2 
6/19/2015 7/25/2015 36 1 dry P 0.871 0.914 1 
6/19/2015 7/25/2015 36 1 dry P 0.831 0.739 2 
6/19/2015 7/25/2015 36 1 ext P 0.942 0.802 1 
6/19/2015 7/25/2015 36 1 ext P 0.839 0.718 2 
6/19/2015 7/25/2015 36 2 ctrl P 0.856 0.649 1 
6/19/2015 7/25/2015 36 2 ctrl P 1.067 0.920 2 
6/19/2015 7/25/2015 36 2 amb P 1.135 0.860 1 
6/19/2015 7/25/2015 36 2 amb P 0.970 0.760 2 
6/19/2015 7/25/2015 36 2 wet P 1.134 0.968 1 
6/19/2015 7/25/2015 36 2 wet P 1.007 0.844 2 
6/19/2015 7/25/2015 36 2 dry P 1.144 0.936 1 
6/19/2015 7/25/2015 36 2 dry P 0.922 0.772 2 
6/19/2015 7/25/2015 36 2 ext P 0.873 0.717 1 
6/19/2015 7/25/2015 36 2 ext P 1.145 0.974 2 
6/19/2015 7/25/2015 36 3 ctrl P 1.091 0.857 1 
6/19/2015 7/25/2015 36 3 ctrl P 0.970 0.795 2 
6/19/2015 7/25/2015 36 3 amb P 1.142 0.965 1 
6/19/2015 7/25/2015 36 3 amb P 1.195 1.031 2 
6/19/2015 7/25/2015 36 3 wet P 0.930 0.775 1 
6/19/2015 7/25/2015 36 3 wet P 1.068 0.806 2 
6/19/2015 7/25/2015 36 3 dry P 0.897 0.761 1 
6/19/2015 7/25/2015 36 3 dry P 0.885 0.723 2 
6/19/2015 7/25/2015 36 3 ext P 0.949 0.682 1 
6/19/2015 7/25/2015 36 3 ext P 1.115 0.933 2 
6/19/2015 10/3/2015 106 1 ctrl A 0.902 0.210 3 
6/19/2015 10/3/2015 106 1 ctrl A 1.024 0.479 4 
6/19/2015 10/3/2015 106 1 amb A 1.063 0.748 3 
6/19/2015 10/3/2015 106 1 amb A 0.907 0.357 4 
6/19/2015 10/3/2015 106 1 wet A 0.982 0.444 3 
6/19/2015 10/3/2015 106 1 wet A 1.085 0.533 4 
6/19/2015 10/3/2015 106 1 dry A 1.097 0.586 3 
6/19/2015 10/3/2015 106 1 dry A 1.133 0.591 4 
6/19/2015 10/3/2015 106 1 ext A 1.089 0.466 3 
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6/19/2015 10/3/2015 106 1 ext A 1.101 0.549 4 
6/19/2015 10/3/2015 106 2 ctrl A 0.847 0.431 3 
6/19/2015 10/3/2015 106 2 ctrl A 0.972 . 4 
6/19/2015 10/3/2015 106 2 amb A 0.937 0.199 3 
6/19/2015 10/3/2015 106 2 amb A 0.906 0.430 4 
6/19/2015 10/3/2015 106 2 wet A 1.159 0.481 3 
6/19/2015 10/3/2015 106 2 wet A 0.956 0.504 4 
6/19/2015 10/3/2015 106 2 dry A 1.091 0.603 3 
6/19/2015 10/3/2015 106 2 dry A 0.884 . 4 
6/19/2015 10/3/2015 106 2 ext A 1.041 0.558 3 
6/19/2015 10/3/2015 106 2 ext A 1.136 0.607 4 
6/19/2015 10/3/2015 106 3 ctrl A 0.941 0.375 3 
6/19/2015 10/3/2015 106 3 ctrl A 1.128 0.655 4 
6/19/2015 10/3/2015 106 3 amb A 1.159 0.588 3 
6/19/2015 10/3/2015 106 3 amb A 0.872 0.330 4 
6/19/2015 10/3/2015 106 3 wet A 0.893 0.297 3 
6/19/2015 10/3/2015 106 3 wet A 1.077 0.523 4 
6/19/2015 10/3/2015 106 3 dry A 1.010 0.595 3 
6/19/2015 10/3/2015 106 3 dry A 0.860 0.342 4 
6/19/2015 10/3/2015 106 3 ext A 0.919 0.380 3 
6/19/2015 10/3/2015 106 3 ext A 1.042 0.540 4 
6/19/2015 10/3/2015 106 1 ctrl D 1.055 . 3 
6/19/2015 10/3/2015 106 1 ctrl D 1.136 . 4 
6/19/2015 10/3/2015 106 1 amb D 1.036 0.549 3 
6/19/2015 10/3/2015 106 1 amb D 1.068 0.693 4 
6/19/2015 10/3/2015 106 1 wet D 1.026 0.757 3 
6/19/2015 10/3/2015 106 1 wet D 0.851 0.704 4 
6/19/2015 10/3/2015 106 1 dry D 0.978 0.674 3 
6/19/2015 10/3/2015 106 1 dry D 1.016 0.759 4 
6/19/2015 10/3/2015 106 1 ext D 1.041 . 3 
6/19/2015 10/3/2015 106 1 ext D 0.916 0.628 4 
6/19/2015 10/3/2015 106 2 ctrl D 1.080 0.814 3 
6/19/2015 10/3/2015 106 2 ctrl D 0.923 0.664 4 
6/19/2015 10/3/2015 106 2 amb D 1.192 . 3 
6/19/2015 10/3/2015 106 2 amb D 1.001 0.215 4 
6/19/2015 10/3/2015 106 2 wet D 0.960 0.447 3 
6/19/2015 10/3/2015 106 2 wet D 0.901 0.629 4 
6/19/2015 10/3/2015 106 2 dry D 1.134 0.477 3 
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6/19/2015 10/3/2015 106 2 dry D 1.037 0.630 4 
6/19/2015 10/3/2015 106 2 ext D 1.158 0.876 3 
6/19/2015 10/3/2015 106 2 ext D 1.100 0.756 4 
6/19/2015 10/3/2015 106 3 ctrl D 1.160 0.361 3 
6/19/2015 10/3/2015 106 3 ctrl D 0.946 0.677 4 
6/19/2015 10/3/2015 106 3 amb D 1.049 0.251 3 
6/19/2015 10/3/2015 106 3 amb D 1.109 0.831 4 
6/19/2015 10/3/2015 106 3 wet D 1.031 0.619 3 
6/19/2015 10/3/2015 106 3 wet D 0.988 0.541 4 
6/19/2015 10/3/2015 106 3 dry D 0.906 0.563 3 
6/19/2015 10/3/2015 106 3 dry D 1.127 0.704 4 
6/19/2015 10/3/2015 106 3 ext D 0.916 0.539 3 
6/19/2015 10/3/2015 106 3 ext D 1.093 0.771 4 
6/19/2015 10/3/2015 106 1 ctrl P 1.153 . 3 
6/19/2015 10/3/2015 106 1 ctrl P 0.849 0.514 4 
6/19/2015 10/3/2015 106 1 amb P 0.851 0.569 3 
6/19/2015 10/3/2015 106 1 amb P 1.071 0.812 4 
6/19/2015 10/3/2015 106 1 wet P 1.024 0.735 3 
6/19/2015 10/3/2015 106 1 wet P 1.104 0.764 4 
6/19/2015 10/3/2015 106 1 dry P 1.058 0.791 3 
6/19/2015 10/3/2015 106 1 dry P 0.832 0.611 4 
6/19/2015 10/3/2015 106 1 ext P 0.984 0.730 3 
6/19/2015 10/3/2015 106 1 ext P 1.023 0.756 4 
6/19/2015 10/3/2015 106 2 ctrl P 1.005 0.677 3 
6/19/2015 10/3/2015 106 2 ctrl P 1.075 0.701 4 
6/19/2015 10/3/2015 106 2 amb P 1.070 0.625 3 
6/19/2015 10/3/2015 106 2 amb P 0.968 0.553 4 
6/19/2015 10/3/2015 106 2 wet P 1.023 0.604 3 
6/19/2015 10/3/2015 106 2 wet P 0.873 0.553 4 
6/19/2015 10/3/2015 106 2 dry P 0.932 0.414 3 
6/19/2015 10/3/2015 106 2 dry P 0.934 . 4 
6/19/2015 10/3/2015 106 2 ext P 0.925 0.599 3 
6/19/2015 10/3/2015 106 2 ext P 0.852 0.607 4 
6/19/2015 10/3/2015 106 3 ctrl P 0.954 0.641 3 
6/19/2015 10/3/2015 106 3 ctrl P 0.865 0.585 4 
6/19/2015 10/3/2015 106 3 amb P 0.860 0.536 3 
6/19/2015 10/3/2015 106 3 amb P 1.182 0.719 4 
6/19/2015 10/3/2015 106 3 wet P 0.946 0.557 3 
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6/19/2015 10/3/2015 106 3 wet P 1.054 0.552 4 
6/19/2015 10/3/2015 106 3 dry P 0.940 0.609 3 
6/19/2015 10/3/2015 106 3 dry P 0.960 0.681 4 
6/19/2015 10/3/2015 106 3 ext P 0.939 0.622 3 
6/19/2015 10/3/2015 106 3 ext P 0.835 0.497 4 
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Appendix H - Chapter 4 Data 
Table H.1 Water additions to cores in Chapter 4 
Site Subsite Treatment Submerged 
Water Added (mL) 
Rain Seawater Total 
Sandy 1 C  0 0 0 
Sandy 2 C  0 0 0 
Sandy 3 C  0 0 0 
Sandy 1 S  202 0 202 
Sandy 2 S yes 202 0 202 
Sandy 3 S  202 0 202 
Sandy 1 ST  202 60 262 
Sandy 2 ST  202 60 262 
Sandy 3 ST yes 202 60 262 
Sandy 1 T  0 300 300 
Sandy 2 T  0 196 196 
Sandy 3 T  0 190 190 
Peaty 1 C  0 0 0 
Peaty 2 C  0 0 0 
Peaty 3 C  0 0 0 
Peaty 1 S  202 0 202 
Peaty 2 S  202 0 202 
Peaty 3 S  202 0 202 
Peaty 1 ST yes 202 110 312 
Peaty 2 ST yes 202 70 272 
Peaty 3 ST yes 202 60 262 
Peaty 1 T  0 145 145 
Peaty 2 T  0 180 180 
Peaty 3 T  0 75 75 
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Sandy 1 C . . . . 619.7 0.0 3.28 
Sandy 2 C . . . . 825.7 0.0 19.95 
Sandy 3 C . . . . 489.5 0.0 14.30 
Sandy 1 S . 5.48 21.33 5.04 365.8 0.0 0.67 
Sandy 2 S . 0.92 35.7 6.6 642.7 654.1 28.78 
Sandy 3 S . 4.51 30.5 6.96 692.9 373.2 2.40 
Sandy 1 ST . 3.44 29.7 6.73 447.7 0.0 1.28 
Sandy 2 ST . 0.91 26 6.59 1001.1 259.9 27.68 
Sandy 3 ST . 1.19 35 6.58 150.7 899.7 19.09 
Sandy 1 T . 1.42 37.4 6.77 697.7 0.0 1.68 
Sandy 2 T . 2.85 35.8 6.45 476.8 0.0 22.93 
Sandy 3 T . 3.79 . 6.87 301.1 0.0 9.16 
Peaty 1 C 84.0 . 32.4 5.37 701.0 0.0 48.18 
Peaty 2 C 83.2 4.75 29.7 6.06 213.8 0.0 46.88 
Peaty 3 C 84.1 0.45 31.5 6.36 441.6 0.0 50.71 
Peaty 1 S 84.4 2.71 33.6 5.59 1627.8 0.0 54.31 
Peaty 2 S 83.6 0.66 25.4 5.71 118.0 345.1 45.47 
Peaty 3 S 86.8 0.67 31.2 5.91 513.8 0.0 55.26 
Peaty 1 ST 84.8 1.42 32.1 5.92 0.0 0.0 54.87 
Peaty 2 ST 85.6 0.97 25 5.76 126.3 454.0 49.46 
Peaty 3 ST 85.9 0.45 32.8 5.96 338.8 355.1 46.79 
Peaty 1 T 83.6 2.7 33.1 7.15 730.6 0.0 50.29 
Peaty 2 T 84.2 1 27.2 6.19 1315.6 86.6 40.15 
Peaty 3 T 85.1 0.24 32.3 6.24 1030.8 0.0 47.31 
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Peaty -24  blank -0.089 0.19 122.3 
Peaty -24 1 C -0.126 25.05 113.8 
Peaty -24 2 C 0.729 19.35 144.6 
Peaty -24 3 C 1.800 16.79 -100.2 
Peaty -24 1 S 0.108 25.77 107.5 
Peaty -24 2 S 0.481 15.13 197.5 
Peaty -24 3 S 0.818 16.00 -68.1 
Peaty -24 1 ST 0.098 18.49 22.9 
Peaty -24 2 ST 0.278 9.68 971.1 
Peaty -24 3 ST 0.714 11.10 -43.3 
Peaty -24 1 T -0.267 20.12 -37.1 
Peaty -24 2 T -0.180 10.90 171.1 
Peaty -24 3 T 0.459 17.65 11.4 
Peaty 0  blank 0.371 1.14 -66.7 
Peaty 0 1 C -0.107 21.81 -40.9 
Peaty 0 2 C 1.402 17.78 107.8 
Peaty 0 3 C 3.353 18.69 -47.7 
Peaty 0 1 S -0.121 17.82 356.1 
Peaty 0 2 S -0.351 4.07 15.6 
Peaty 0 3 S 20.424 40.38 1374.4 
Peaty 0 1 ST 0.194 12.35 75.5 
Peaty 0 2 ST 0.062 6.38 87.8 
Peaty 0 3 ST 1.085 3.76 8.4 
Peaty 0 1 T -0.453 12.88 2151.2 
Peaty 0 2 T 0.172 3.35 3582.2 
Peaty 0 3 T 2.131 11.70 111.7 
Peaty 0* 1 C . . -36.5 
Peaty 0* 2 C . . 107.1 
Peaty 0* 3 C . . -59.3 
Peaty 0* 1 S . . -14.5 
Peaty 0* 2 S . . -137.1 
Peaty 0* 3 S . . 133.0 
Peaty 0* 1 ST . . 37.9 
Peaty 0* 2 ST . . -3.8 
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Peaty 0* 3 ST . . -45.5 
Peaty 0* 1 T . . 33.4 
Peaty 0* 2 T . . 777.3 
Peaty 0* 3 T . . 42.0 
Peaty 1** 1 C . . -63.1 
Peaty 1** 2 C . . 158.7 
Peaty 1** 3 C . . -34.8 
Peaty 1** 1 S . . 1057.6 
Peaty 1** 2 S . . 73.8 
Peaty 1** 3 S . . 1629.5 
Peaty 1** 1 ST . . 52.6 
Peaty 1** 2 ST . . 213.9 
Peaty 1** 3 ST . . 34.4 
Peaty 1** 1 T . . 2214.2 
Peaty 1** 2 T . . 3544.6 
Peaty 1** 3 T . . 103.8 
Peaty 5 1 C 0.083 23.33 -12.6 
Peaty 5 2 C 1.212 18.59 106.3 
Peaty 5 3 C 3.953 21.67 -36.3 
Peaty 5 1 S -0.481 17.00 -30.3 
Peaty 5 2 S -0.151 3.91 63.9 
Peaty 5 3 S 0.745 21.41 368.2 
Peaty 5 1 ST -0.288 10.93 9.7 
Peaty 5 2 ST -0.432 5.66 653.8 
Peaty 5 3 ST 0.335 3.45 119.5 
Peaty 5 1 T -0.089 12.38 442.4 
Peaty 5 2 T -0.454 3.33 1972.4 
Peaty 5 3 T 1.597 12.43 18.4 
Peaty 24 1 C -0.137 20.71 -160.2 
Peaty 24 2 C 1.942 16.29 -186.3 
Peaty 24 3 C 4.696 24.84 -224.9 
Peaty 24 1 S 0.623 15.83 -218.4 
Peaty 24 2 S -0.165 4.23 -148.6 
Peaty 24 3 S 1.262 14.58 -282.9 
Peaty 24 1 ST -0.294 9.40 -93.0 
Peaty 24 2 ST 0.537 5.19 -156.4 
Peaty 24 3 ST 1.436 4.46 -306.8 
Peaty 24 1 T -0.138 10.97 -84.0 
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Peaty 24 2 T -0.131 6.72 216.7 
Peaty 24 3 T 2.811 10.57 -235.3 
Peaty 48 1 C 0.266 19.09 -74.5 
Peaty 48 2 C 5.162 14.84 -99.4 
Peaty 48 3 C 5.599 18.46 -221.6 
Peaty 48 1 S -0.087 14.84 17.5 
Peaty 48 2 S 0.002 5.78 45.5 
Peaty 48 3 S 2.863 17.68 -134.5 
Peaty 48 1 ST 0.342 10.51 -92.3 
Peaty 48 2 ST 0.656 6.15 -229.9 
Peaty 48 3 ST 3.047 7.22 -117.4 
Peaty 48 1 T 0.037 13.32 -89.8 
Peaty 48 2 T 1.163 8.74 19.6 
Peaty 48 3 T 4.522 12.13 -10.7 
Sandy -24 1 C -0.137 28.07 100.1 
Sandy -24 2 C -0.310 19.74 -676.7 
Sandy -24 3 C -0.299 25.39 228.1 
Sandy -24 1 S -0.276 6.37 138.4 
Sandy -24 2 S -0.674 20.57 -378.8 
Sandy -24 3 S -0.098 18.38 -166.9 
Sandy -24 1 ST -0.461 11.48 126.3 
Sandy -24 2 ST 0.015 38.70 -304.0 
Sandy -24 3 ST -0.556 15.29 -152.5 
Sandy -24 1 T -0.053 15.10 108.5 
Sandy -24 2 T -0.096 19.31 -345.3 
Sandy -24 3 T -0.343 17.04 352.7 
Sandy 0 1 C -0.030 16.90 240.8 
Sandy 0 2 C -0.133 17.14 -12.9 
Sandy 0 3 C -0.266 25.73 378.3 
Sandy 0 1 S 0.127 6.63 437.1 
Sandy 0 2 S -0.454 9.72 -32.4 
Sandy 0 3 S -0.343 16.18 1514.9 
Sandy 0 1 ST -0.283 4.85 137.9 
Sandy 0 2 ST 0.026 15.73 11.8 
Sandy 0 3 ST -0.036 10.91 271.1 
Sandy 0 1 T -0.307 4.93 888.8 
Sandy 0 2 T -0.120 5.20 -41.2 
Sandy 0 3 T -0.315 6.61 3144.8 
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Sandy 0* 1 C . . 300.7 
Sandy 0* 2 C . . -129.4 
Sandy 0* 3 C . . 285.0 
Sandy 0* 1 S . . 173.6 
Sandy 0* 2 S . . -6.1 
Sandy 0* 3 S . . 420.3 
Sandy 0* 1 ST . . -56.5 
Sandy 0* 2 ST . . 2.7 
Sandy 0* 3 ST . . 33.9 
Sandy 0* 1 T . . 65.8 
Sandy 0* 2 T . . -35.8 
Sandy 0* 3 T . . 86.0 
Sandy 1** 1 C . . 291.5 
Sandy 1** 2 C . . 83.6 
Sandy 1** 3 C . . 328.5 
Sandy 1** 1 S . . 603.8 
Sandy 1** 2 S . . -60.3 
Sandy 1** 3 S . . 1726.8 
Sandy 1** 1 ST . . 256.1 
Sandy 1** 2 ST . . 108.0 
Sandy 1** 3 ST . . 411.0 
Sandy 1** 1 T . . 1121.4 
Sandy 1** 2 T . . -30.6 
Sandy 1** 3 T . . 3796.6 
Sandy 5 1 C 0.049 16.17 255.3 
Sandy 5 2 C -0.025 17.35 2.8 
Sandy 5 3 C -0.168 28.07 401.8 
Sandy 5 1 S -0.050 7.58 1057.6 
Sandy 5 2 S -0.238 12.09 62.7 
Sandy 5 3 S -0.168 21.40 2889.1 
Sandy 5 1 ST -0.372 6.11 1089.9 
Sandy 5 2 ST 0.120 16.92 242.6 
Sandy 5 3 ST -0.205 11.16 329.8 
Sandy 5 1 T -0.346 6.78 4836.1 
Sandy 5 2 T 0.043 7.58 -5.0 
Sandy 5 3 T -0.362 8.20 1583.2 
Sandy 24 1 C 0.135 14.14 148.8 
Sandy 24 2 C -0.708 17.43 -140.5 
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Sandy 24 3 C -0.163 23.05 569.7 
Sandy 24 1 S -0.009 6.45 3315.1 
Sandy 24 2 S -0.108 12.89 -124.1 
Sandy 24 3 S -0.284 15.28 224.2 
Sandy 24 1 ST -0.219 6.13 15.0 
Sandy 24 2 ST 0.514 18.10 -57.2 
Sandy 24 3 ST -0.300 9.03 -51.0 
Sandy 24 1 T -0.214 7.34 -9.7 
Sandy 24 2 T 0.325 13.78 -107.1 
Sandy 24 3 T -0.352 11.78 682.5 
Sandy 48 1 C 0.273 11.28 331.6 
Sandy 48 2 C -0.218 15.18 -4.0 
Sandy 48 3 C -0.314 19.79 573.7 
Sandy 48 1 S -0.155 4.98 528.1 
Sandy 48 2 S -0.007 11.27 -42.3 
Sandy 48 3 S -0.036 11.54 152.0 
Sandy 48 1 ST -0.164 4.92 125.3 
Sandy 48 2 ST 1.635 17.79 -43.4 
Sandy 48 3 ST -0.299 9.16 -71.8 
Sandy 48 1 T -0.113 6.49 241.9 
Sandy 48 2 T 1.167 15.06 -13.6 
Sandy 48 3 T 0.201 9.59 954.7 
* fluxes calculated on the first 2 of 6 concentration values. 
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